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4 A NG. in our-Firſt Book laid the true 
ine Foundations of Phyſica) 
| Aſtronomy ; explain'd in the Second 
' Book the Phonomens of the Firſt Motion, or ap- 
; of the Primum Mobile, which ariſe 
the Motion of the Earth about its own 
Axis; and given the Theory of the Primary 
-Planets iti the Third Book; that i is, how their 
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2 are deſcrib'd, and how-their Places are 


A if the Obſerver be ſu ppos'd in the 
22 or in any one of em; and alſo how to 
Aa a define 
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define che Magnicade, Denkyy, 1, nd ungual Di- | 
ſtadſes of the Pri 


rin ee nh 

things: That we ay e 
Fourth, Book, gave the Thec fie $6 
condary Planets, which go round 
ones. Alcho' the Motion of every Primary 2 
net be ſimple enough, as being (dle A ProJeatile 
ach 2 ed of an uniform progreſſiye 
Righe-line Ta g its Orbit, 
and another motion of deſcent by which (as 
attracted) it rends towards the Sun, theit im- 
menſe diftance from one another rendring the 
effect of their mutual Action or Grayity on each 
ko inſenſible.; that of the Secondary Planers 
otherwiſe. For tho' every one of 


tends moſtly to its re b ; N 
& e's meg wards the Sun by the ſame 


Book IV. 


celerating Gravity as its Pri when'at the 
fame Hiflance, by a leſſer Gravity when at a 


greater diftange, and by a greater Gs when 
bed (ey From 2 —— 


my, the Mock as n. 
. d to Leda for by 
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ot * refers whi the Sun prodz 
otion of a Satellite, when its 


1 i concentric to its Primary Planer. | 


Pie LON L | ET | 
15. Primary Planet revoluing about the Stn car- 
_ ries : with if a Satellite, this Satellite will be fo 


2 n to be continually ucreie- 
| with the. Sinn 10 its her 


| merch ee =, 

it kts been ſhewn. in-Buk x. ere 
— — Bodies, via. The Sun, a Primary 
ie he tid wary Sieben 
two. on the third w 


: If, as herb Lin Fu. x 

n 

Primary, e 

— — 1 
© C D 

N, the middle Diftance of a Satellite 

| from the Sun, be pa t for the accelerating At- 

tractiom of. dar Satellite from the Sun ia that 

middle. diſtance, and. be ſuppos d any Place of 

1 — —— 

| SA, Which muſt be to SK ir a duphcate 

Ratio of Ke $L; and this $;4 will note 

Aaa 2 the 
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the attraction of the Satellite L when it-is to- 
wards S. Join. I L, and draw parallel to it A M 
meeting S 7 in A. It is certain that the attra- 
ction S 4 may be reſolv'd into the bete u 4 
AMand MS, with the directions of theſe lines 
of which that whichis expreſs d by A, is reduc d 
to the atraction MN, taking away the attraction 
NS, common to the Satellite and its Primary Pla- 
net; as it has beenamply ſhewn in the ſaid 60 Prop. 
of B. 1. The Satellite therefore is thus acted upon 
by a triple Attraction: The firſt and principal is 
that by which T draws L; the ſecond is as 4 
in the direction A A, chat is, with the direction 
LT parallel to AM. Whence it happens, that the 
Force compounded of theſe two is alſo directed 
towards 7; and if the Body L was ated upon on- 
ten aForce compounded of thoſe two, it wou'd 
deſcribeAreas about T le to the 
imes, by Prop. 1 T. B. x. But the Satellite in L 


A alle urg d bf a chi Force, which is as Af N 
whole direction is from M towards N; that is, 
to 


from L towards E, (ſuppoſing LF 
MN;) which as it does not tend to 7, ſo nei- 
8 oa 
namely, t L is truly ur 

tend to 7. "Thecefacs the Satellite TA Br 
deſcribe Areas about T proportionabie to the 
Tinies; but chis Force which is erpreſs d by 
MN will diſturb the. deſcription of Areas peo 
portionabłle to the Times der r c the 
drant of the Semicircle CG D it will accelerate 
the motion of the Body L about 7, when it 
moves from C to ; but after che con 
at & in the G D, when the 
of che Right-Iine L F from L to Fa forward, 
the Force acting a it retards the. Motion: 
Whaaiths * come to the Quadrature 


— in 
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in D, MN. vaniſhes, (becauſe: then $ R, S E, 
and alſo S 4 are e qual) and therefore the effect 


of the Force expreſs by it is nothing; therefore 
now the Satellite I. ated on by the other Forces 
deſcribes, wich the Radius that carries it, Areas 
ionable to che Times. But when L. goes 
thr? the Quadrant D B, S M goes off from & N,. 
and the Force diſturbing the deſcription of the 
Area by the Radius T. L that carries the Satellite 
(and 1 indring ic from being pro letothe 
Time which is as N) its direction from 
A to N, or from L to F, (chat is backward) 
and therefore retards the Motion of the Satellite 
in the Quadrant: but after the oppoſition in B, 
LF tends forward and retards the Motion, till 
in the rature at C, AN vaniſhes 

therefore its Effect ceaſes. Again, ſince the 
Force A N hindring the Radius T L from de- 
ſeribing an Area proportionable to the Time 
(whilſt che Satellite is from C to d, or 
from D to ) is continually increas d, and is 
greateſt in G and B, and from thence is conti- 
nually diminiſh'd till the Satellite come to D or 
C, where this Force vaniſhes; it is plain that 
che Motion of the Satellite ſo diſturb d is the 
ſwifteſt (caters f we with in the Syzygies B.andG, 
and ſloweſt in 


Pierre II. 


s being as before, the Orbit which the Sa- 
12 L deſcribes round its Primary T, is more 
curve in » C and D, the ener with the ys 

than in the Syzygies G 
For the Satellite L, . it moves fuiſter 
inp SyZ 2 than in the Quadratures, will 
2 Ri ghc-line, (which it won d 


elende by che Force impreſs d only) in the 
| 55 F re 3 * fir ſt 


o Quadratures C and De LED. 


' 
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firſt than in the laſt ; that is, the Orbit of the 
Satellite is leſs curve in the Conjunction and 
Oppoſition than in the Quadratures. But this 


Curvity. is alſo owing to another cauſe z 
He Force — gr rp ſpoke in 2185 
ing Propoſition) in the Conjunction an „ 
n at d and 8 is co to the Force by 
which the Body T draws L, and therefore 
miniſhes it; | whence: the Body £ is leſs puſh'd 
towards Tat G and B, than at & and D; and 
therefore will leſs deflet from a Right- line in 
the firſt than in the laſt. Therefore the Sarel- 
lize's Way is more curve in the Quadratures C 
and.D, than in the Syzygies B and s. 
1, COROLLARY 
From what has been ſaid it follows, That the 
Satellite L (caters 4. ) recedes farther from 
the'Primary T in the Quadratures than in the 
e, Fig. 2.] Therefore the Orbit of the 
Smellite about its Primary, is in a manner Elliptj- 
cal, the Primary being in its Center, the greater 
Axis being between the Quadratures with the 
Sun, the leſſer between the Syzygies; and ſo the 
Orbitis more curve in the ſirſt than in the laſt caſe. 
And the encreaſe of the celericy of the Satellite 
near the Den will, in thus Orbit, be diffe- 
rent from what it won'd have been in the cir- 
cular Orbit of the foregoing Propoſition, be- 
cauſe the direction of the Force-M N accelera- 
g or retarding the Motion of the Satellite, is 
| in this from what it is in that. * 
What has been ſaid here of the-Figure of the 
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Te W hes Hd L opal 175 
an Ellipſis, in one of dle dei the Body 7 


placd, the Forces of the g Sreateſt Body S will fo 

| diſturb char Bag L. that ſtead of a. Mane 
and unmoy oli, which CA 2.40 I.) 
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472 The ELEMENTS Book IV. 
be the fame, as if it ſhou'd deſcribe its Ellipſis 
at the fame time that the Axis of the Ellipfis 
(and the Ellipfis itſelf) is by an angular Motion 
carried forward or backward upon the Center 
of the Primary, the. Plane of the Orbit conti- 
nuing the ſame ; that is, in the Aſtronomical 
Pra, The Motion of a Satellite that deſcribes 
an excentric Orbit is ſo difturb'd by the Sun, 
that whilft the Satellite thro its Orbit, the 
Apſes of its Orbit are ſometimes carried in con- 
ſequentis, and ſometimes in antecedentis. To 
e this, the muſt be farther ferch'd and 

Fome LAN: laid down. 

dos III. 

to find the Law of the Centripetal Force, by 
24% Bin # Body may | be meu in any Tra. 
Bod; 1 mov d in fmilur and equal The 

1 at rel, 
(A: z. be. the Trajectory at reſt, which 
the Body T' tending to the Center of the Forces 
ſeribes, g from. A thro E towards P. It is 
requir d to find the Law of the Centripetal Force 

ending to 7; by means of which another Bod 

ſhall he cartied in the Perimeter «of.che bgure alp 
228 and egual to the firſt, at the ſame 
the ſaid figure 21 revolves about T back- 
ward or — yay in ſuch manner that whilſt 
the firſt Body goes thro? any Arc, as AL in the 
Sr ALF, which is at reft, the laſt ſhall de- 
enn in the revol- 
rag ways equal to IL, move 
about 7h, keeping ahra the Plain” 4 LT, and al- 
ways make the ATI ionable to 
"the Angle 4T'L; is, in ſuch manner that 


is Angle 47 ray be to its ne, 


3 
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25 any other Angle AT 1 to any other correſpon- 
dene AT L. Therefore the Area, which 7 / (thus 
carried in an angular Motion about 7) deſeribes, 
will be proportional to that which T L deſcribes. 
Let AI E GH be a Curve which the Point I, 
mov'd as has been faid, touches: Now becauſe 
the Body which is urg'd by a Centripetal Forge 
that tends towards T 1s revolv'd along with L., 
the Area AT LA (by Prop. 11. B. 1.) will be pro- 
inable to the Time ; bur it is alſo in an un- 
moveable Plain, namely, that in which the Body 
L revolves about 7; that is, the Motion of the 
Point / is ſuch, that it is always found in the 
unmoveable Plain dran thro 7, and make the 
Areas ATA ( deſcribd by a Radius drawn 
thro T) pr zonable to the Times. There- 
fore (by Prop. T2. B. x.) it is manifeſt that a Body 
being acted upon by a due quantity of Centripe- 
tal Force, may revolve together with the Point / 
in the Curve Al E GH, which the Point I deſcribes. 
But this Curve AEG His given, as being gene- 
rated by the given Line 4 LPA in a conſtant and 
given manner; therefore let the Law of the Cen- 
tripetal Forge by whieh a Body may revolve in 
the ſaid Curve be found (by Cor. Prop. 37. B. 1.) 
Let the Angle AT be made equal to the Angle 
LTI, and the Line 7a to TA; and then the An- 
| gle a Twill be equal to the Angle ATI. Now 
t the Figure 4 T be ſimilar and equal to A L; 
therefore the Point / is in the Perimeter of a Fi- 
re ſimilar and equal to A LP A reyolying a- 

T. Therefore a Body carried along with J, 
and deſcribing the unmov'd Figure ATE G H, 
deſcribes alſo the Perimeter 4215 of an Orb 
ſimilar to 4 LPA and+ revolving about 7; ſo 
that the Arc 4 1 is deſcrib'd in the revolvin 
74 at the ſame time that its ſimil 


— 


ar and 


equa] 


The ELEMENTS Book IV. 


AL d other Bod 
SEV ee” X Sp Tender x — 
Cencriperal Force requir'd is found. 
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e of 1 We Conte — tÞ Forces, by which 
Bodies may be equally mov MI 
N eee Orb (which is 


RM or nh 
Ke, I fay ce the dts of th Corte 
22 2 Land ] 

cally in a L 


are reci 
dae e e common eight 7 L ot 21; | 4 
the dieren of the Tegen ig the Points L. 
I is to the difference of the Forces in any 
quieſcent. and revolving 
Orbs, where che Bodies will L. A* 
jars moment, a: the (uke of the Height or di- 
Points from T the Center of the 
Forces, to the Cube of the Right-line L T or IT. 
Let che very ſmall equal Arcs L B, and Ih be 
taken, which 3 will be deſcrib d by the 
Bodies L and I in very ſmall Times. From B 
and b draw B E, be 1 TL, T1, 
which will be equal as well as L E and - In 
the Line e RE towards b if occaſion re- 
gu take the Point C, ſo chat Ce may be to 
e as the An gle 4 T lee the Angle A TL, Now 
becauſe each motion ofthe Bodies i te places 
r One 
Tete Other ee 


is along e 22 
the motions rowands the Center wall = 


25 


other Points of the 


verſe ficſt, alon 
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BT : b 7,” and therefore cheir ſmall Increments 
and Decrements ar = equal. And the tranſverſe 
Motion öf the Body 7'will be to the tranſverſe 
motion of the Body L, as the angular motion 
of the Line Tito the angular motion of the 
Line 775 that is, as the Angle 4 TI; to the 
Angle 4 ½7 E or as C'e to be or BE. And 
therefore * fame time that the Body L, by 
its two Motions comes to B, the Body will be 
found in tlie place C. And this will hap pen | 
Where the Bodies L and I are equally mot d a- 
leng the Directions L T, 17; that is, 1 N | 
are acted upon by y equal aal Genttiperal 
Put when rhe be Point 2 8 place 9 A the Body 
ang the Reyolying Orbit) is (bythe 
foregoing Propaſiion) by 3 tf e Angle { TD 
in that ſaid conſtant Ratio to b (wiz. the Ra. 
tio of the Angle A TI to AT L) and the Right” 
line T D equal to Tb of TB, (the Fi p 
and the Line J being in this caſe A forth 
Figure 4 LP and T 4 in the other; ) the diffe- 
rence of the Centripetal Forces of che Body in 
or I, and that of the Body in O, is as its 0c. 
namely, the Interval of the Places chro” which 
the Body-carry'd in the revolying Orb, muſt by 
the action of the Orb be transfe d in that given 
ur of a very ſmall time. Therefore we muft 
this C D, or the difference of Centri- 
beta Forces equal to it (by which the Body is 
arg in rhe Quieſcent Orb, and by which it is 
rg'd in the Revolving Orb, in that ſituajon! ok 
pm moyeable Orbjt, and that diſtance TI of the 
| from the Center) with the like difference 
in the other” Caſe, where'the fame, or a like 
oftraction is ſuppos'd as here, and the Hime 
things are likewiſe ſippos'd te Have been done; 
; e a Cirgle curing Teinn, Ce in F, 


god 
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and C D in G be drawn with the diſtance 7b or 
T D round the Center 7; and let the new Tri- 
angle I be ſuch, that its Area may be ſwept 
thro by the Radius Ti, in the ſame time that 
this Area [b T is gone thro by this Radius TI: 
Whence (foraſmuch as in equal Triangles the Baſes 
are reciprocally proportionable to their Heights) 
this Line eb is to the other eb as another l to this 
T1, thatis, eb is reciprocally asthe Correſpondent 
T1; wherefore alſo Ce (always having the ſame 
Ratio to be) will be reciprocally as Tl: therefore 
CF the aggregate of em, and the Interval eb will 
be recipracally proporti to the ſame T1; and 
therefore the Redangle under them, wiz. FC xCb 
is reciprocally proportionable to the Square of 
the ſaid TI. Wherefore (by Prop. 35 or 36. El. 3.) 


CDxCG=FCXxCb, that is, CD= e 2 
Therefore C D, in that caſe is to the analogous 
CD, in any other caſe, directly as this FC x C 
to that other FC x C, and reciprocally as this 
Line CG to any other C G at the ſame time. 
But it has been ſhewn above, that FCN CI is 
reciprocally as the Square of the Right- line 71; 
and C G is as D & its nearly equal, or as its half 
22 Th, or T very little different from it: 
refore C D in this ſituation of a revolving 
Orbit is to C D produc'd in the fame manner in 
any other ſituation of the ſame Orbit (that is, 
the difference of the Centripetab Forces, by 
which one Body in a quieſcent Orbit, and ano- 
ther Body in the ſame Orbit revolving, may be 
ually. mov'd in the Height 7'L or 7 1, is to the 
like difference of Forces in any other Height) 
recip y as the Square of the firſt Height, to 
the Square of the laſt, and reciprocally as the 
felt Height to the laſt Height at che ſame time; 
Lan | that 
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| . es as the Cube of the firſt 
Hei, ro: 


of the laſt Height; that 
in ſnort of one Height, or Altitude, 
when we are to be underſtood of two taken to- 
gether) the ſaid difference of Centripetal Forces 
is in a Tri Ratio of the common Height 
inverſly. 2: vB: D. 
COROLLARY 1. 
1 Body moving from its upper to its lower 
Apſis, in an Orb revolving in conſequentia, is urg d 
by a greater Centripetal Force than if its Orb 
was at reſt. For becauſe (in the foregoing Fi- 
gure) in that caſe the Angle 47] is greater 
than AT L, C alſo will be greater than eb; as 
being in the fame Ratio as the foreg oing Angle, 
therefore che Point C is out of the « Perl hery of 
the Circle ; D. But the Body mov'd in the 
revolving Orbit is found in the Point D; and it 
has been above ſhewn, if the Body / be mov d 
with Centripetal Force equal to L, that it will 
come to the Point C; therefore not be ſo much 
urg d towards the Center T. CE 5] © 
Again, the like will happen (chings being as 
before) the revolving Orb be mov d in antecedentia 
with a greater 3 than the double of that 
Celerity in which the TL is mov d in conſe- 
r as in Ng. x. Becauſe, in that caſe 2 TA 
more chan twice greater than 4 T L or T1 


A T'] will be greater than AT L; therefore (as 
before) eC will be chan e b, and 


Point C will be without the Circle 5 D B; and 


for the ſame reaſon as before, the Centripetal 
Force of the Body moving in the revolving Or- 


bit 44 p is even now greater than the Centripe- 
tal Force of the Body GY * the — 


Orb ALP. 


: 


'But 
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But if this Orb «1p goes hagk whth a 
leſs than twice chat, by which the Line 7 
forward, as in Fig. 3. the Bod Id 
wards its lower Apſis will be urg d = 
Centripetal Force than Tinchen © 
For hecauſe the Angle 4 T a is not uble AT 
oraTl, ATI will be iel than « 1, (that i, 
ATL) "and therefore ec leſs chan 251 and for 
chat reaſon ener to which 4, wou'd come 


2 T, will be within: che Circumference of the 
Circle B U B. But a Body, meving in a revol- 
ving Orb has been before ſhewn to be found in 
the Point D, more remote from the Center than 
C is; therefore the Body deſeribing the Orb 

| «Ii urge wich 3 lob Centripetal-Farce, than 
mY 3 the quieſeent 

LP. ˖ ppen contrary to 
2 aſcending from its lower, to its 5 
Apis; and ſo on 22 Time. 


Hence a Xo 2 5 EET: Serben 


equal ons — — - 
. wherefore the fait Forces are 5 


[CG 
4 6% d i . KC x C3 6h} 


AN 

366 
CGxne. But the Right- line C G differs Hetie 
from the Right-line Me, and (by Prop. 35. ay: +4 


Bodk IV. of ASTRONOMY. 175 
the R under 1 e and « » is equal to the 
of e þ: therefore the ſaid Centri 
Forces'tire c R CN, and e 54: Now i 
known Quantities F and G 2 
Ratio to one another as the Angle AT L has to 
AT1, chat is of e to Ce; CR will be as 
G+F, and Ch as G=F:: therefore ore the difference 
of the Centripetal Forces by which Bodies are 
urg d in a movable and unmovable Orb in B 
and b, is to the Centripetal Force by which a 
Body may be mov'd in a Circular Motion from 
Nto B in the ſame time as £ deſcribes the Arc 
ey er wie. that is, as G4—F4 
arts wat 28 


: LEMMA. - 7. 4 
4 2 bes 
N whoſe - rhe A n P; the 
al Foree by which r is urg d „ the 
Apſis A, is to the Comviperal Force of another Body 
revolving in the Circle A EH at the ſame diſt ance 
n 27 LE) 
Cirele to the rectum of the Ellipfic. | F 
Thro K oo line 4G — 
cular to A T, which touch the Circle a: 
well as the Ellipſa. Thro' the Point G near 4 
draw & E towards T, the Circle in E 
and the Ellipfis in B. Becauſe the naſcent Arcs 
AB, — 2 5, nay ſetting out 
rogether wi equal Velocities A will come 
at the ſame time to B and E; and their Centttis 
| tal Forces are as their Effects GB, GE proqge 
the ſame ſmall Tie. Beſides, from the, nature 
N „ EIN=ATIxTH, or Ax Di. 
AN. the nature of » a2 the 
dat retum % AD LT pr quantity 
| Na ectan le, 
Ames in W 6 535 naſcent ; ) 


r 


480 The ELEMENTS . Book IV. 


but the ſmall naſcent Lines EI and BD ard 
equal: Therefore AI x Diam. of the Circle 
= AD x latus recłum of the : Therefore 
AD d to A Or G B to G E, or the Centripe- 
tal Force in the Ellipſis to the Centripetal Force 
in the Circle as the Diameter of the Circle to 
the latus rectum of che Ellipfis. 2. E. D. 


PpiofosirIiOR V. Lemma. 


Ire Orb ALP be an Ellipfic, whoſe latus decem 
is 2R, having its Foous at T, its upper Apffs at 
A, and hue a P; ; and there be another Ellipſi al 
wal and femilar to it, revolving im the manner. a« 
fireſ aid round the Focus T, and the given If1es 
G and F have the ſame Ratid as the Angles A Tl 
and ATL; if the Height of the revelving Body, or 
the Diſtance from the Center be A : the Comtriperal 
Force 1 which the Body may revolve in the movable 
FA RxGiRxF1 _,. 
Ellipfis will be, as A Nr -; and on 


A cub. 
the other hand, when ſuch a Centripetal Force acts, the 
Bod) "will be carried in a movable Ellipfes. 

Ince the Force by which the Yan re- 


— = = — —— ALP, is (by 
| Ny — y as che Square of the 
2 the Center, or — bs, Height 4; 


let that Force be expreſs'd by — I, and the Force 


in the Apſs & will be * Force by 


which the Body may at ＋¹ diſtance T4 ee 

in 2 Circle wit the Velocity, that the Bod 
volvin — Jo an Ellipſis has in 4, is (by the - 
mma) to the Force by which the Boop 
IS an Ellipſis is acted upon in 4, as 
us refum of the Ellipſis to the Semi- 
diameter 
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diameter of <he.Circle, Rer. 47; there- 
* Now becauſe (by Co- 


yol. 2. Prep.4.) the difference of the Forces in the 
A and 'is to the R Force in the 


Circle, (which is equal to =—JasG*—Fato 


T7 cub. 
2 — of Forces will be equal to 


per 
1a —: And (by Prop.q.) the Difference 


. Height . in ay oor. 1 5 of the ſame 
namely, where the Height 4 is unde- 
in d) is co che Difference 142 Forces in 
the che Apſs 4 (where the Height is T A) a8 the 
Cube of T4 to 4cab. ; therefore in any Height 


its Value wa = = > = = it therefore 


to the Force , by which a Body may be re · 
volv'd in an unmoyable Elli pſis ALP, be added 


the ſaid Difference Es, che whole 


compoundedForee will be ©! + Ln . 2 


by which a Body y may in the movable Ellipſis 
alp be revaly d in the ſame time. . E. D. 


Hence i to the Ne , (which is 
in a Duplicate reciprocal Ratio of the Diſtance 
from the Center, by which a Body revolves in 
an unmov'd Ellipſis) be ſo ded <q any other 
Force which is reciprocally as the Cube of the 
Diſtance; the Body will d ibe an Ellipſis whoſe 


dun are carried A For * 
che 


Fd 


\ « 
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| 64 
the Difference, \ which © ho: RX * — — 


is in this caſe poſitive, G will exceed L; that is, 
the Angle A Tt does exceed the Angie ATL; 
wherice (by Coral x. Prop. 4) the Apſes are either 
carried, in conſequentia, OT in ant ecedent ia, with a 

Celerity greater than twice that by which the 


Body Lis carried, in conſequentis,in — 
Orb ; but becauſe this laſt does not hap 


any ot the Celeſtial Bodies, we abſtract 
in dis caſe. But if from the Force (which i . 
ciprocally in a Duplicate Ratio of the Diſtance) 
be Sn the Force which is reciprocally in a 
Triplicate Ratio of ic, the Remainder will be the 
Force, by whoſe ation 2 Body will deſcribe an 
Eltipi: Is whoſe Apſes go bel for the Dif- 


— q | 
ference of the Forces wk 2 — j in this 


Tc. 
caſe negative; and therefore G is lefs than F, 
or the Angle ATI dhan AT L. 


COROLLART 2 [Egg 9.1 


Hence it follows alſo, that if in an Orb 
which differs very little from a Circle, the cen- 
tripetal Force, as You recede from the Center, 
debe more (or becomes leſs) than in a Du- 
plicate Ratio of the encreas'd = the 
Apſes of the Orb will be mov nemtis. 
For ler the unmovable'Ellipſi 41775 N 
deſcrib'd by a Body, is urg d by a Force 
tending to the Center T, whoſe upper Api A is 
twice as far diſtant from the ter T as 
e ſuch an Orb comes near 
to a Circle we put this only b 
way of Example, and to rug. por * 
Lee us ſuppoſe the Cemvipetal Force by which 


the 


432 
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the Body'P'is urg d, to cent of 4% Parts an 
— by which it i utgd in 4 wilt be of 
1oo, — ſo one In the intermediate 
Places; dy whoſe ion the 
Body —— —— the Unmorable 
A LP, vir. in a duplicate t 3 of the 
Diſtance from the Code” - if beſides this 
Force, the Body in P is urg d by another Force, 
which is for Ex. as 64, md 7 ii A by a Force which 
is as 8, and proportionably in the intertneaiat 
Places; namely, if that ſup radded Force 
inverſiy as the Cube of - iftance from th 
Center ; in that caſe (by t EN Corol. 
the Apſes will be carried i» conſe "Pur is 
whole Force in P, or that made of the! 
is 28 464; and the Foree in 4 as 108, ati 75 
portionably in the intermediate Places ; that is, 
as you recede from the Center rhe Centiip Rf 
Force decreaſes faſter than in a Duplicare Rat 
of the encreas'd Diſtance; for if it was only 
diminiſh'd in chat Duplicate Ratio of the Di- 
ſtance, the Force in 4 won'd be as 118. An 
tho it be requir d that àa new Force, ſuperadde 
to that Firſt, which is inverſſy as the Square of 
e be every where preciſel) as. the 

Cubeof the Haid Diſtance inverfly, that an. Elli 
tic Orbit may be revoly'd "> auſequentia, about t 
Center of the Farces : Vet lf this Ellipſis differs 
but little from a Cirele, and ſuch à Force wholly 
acts upon che Body, as itt receding from tlie 

Center is diminſh'd more than 9 1 re of the 
Diſtance from the Center is encreas d; 9 te pe 
of ſuch pls will 3 mov'd, in conſe 
For becauſe in an Orb that Falz . 
the Diſtances from the Center differ but very 
| a that Force, (the addin ding of which occa- 
the whole Force 1 bb the Body is urg'd 


2 do 


— . 
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to. be. diminiſh'd more than the Square of the 
Diſtance from the Center is encreas d) is dimi- 
2 10 in a Ratio wach differs not much from 
iplicate Inyerſe Ratio of the Diſtance. | 
Ons Allg thar if in an Orb nearly circu- 
lar EY Force decreaſes leſs than in 
a Done Kee of oba rarer Diſtance, 
(char is be greater than in the ſaid Ratio) the 
Apſes of the Orb muſt move in antecedentia. For 
tha fake Force remalbing in F and , by which 
| 5 Body deſcribes an unmovable Ellipſis, if from 
you take away à Force reciprocally propor- 
tionable to the Cube of the Diſtance from the 
Center; namely, if from the Force in P you 
take a Force that is as 64, and from the Force in 
A 2 Force as 8, and after the ſame manner in 
che intermediate places; there will every where 
remain a Force which (by the foregoing Coral.) 
will make a Body deſcribe an Ellipſis whoſe 
Apſes are mov d in antecedent ia. But the Force re- 
in P is 25 336, and the Force r 
in 4 a8 92, and after the fame manner in the 
intermediate places; therefore as you recede 
froth the Center the Centriperal Force is leſs 
dintiniſh'd (or is greater) than in a d 
Ratio of the enereas'd Diſtance : for the Force 
diminiſk'd in à duplicate Ratio of the ſaid di- 
ftance, wou d in 4 conſiſt of 84 Parts. Whence, 
the Reaſons before given, "if a Body in _ 
Ord nearly circular be 2 by a Force, 
as you te from the Center, is amin d 4 
in a . 
pſes of the Orb will be carried 
Which alſo ** FO — 1. 


Prop. 4. 


* 3 4. 1 * 
98 
a . , 4 
. : " _—_— FF * 
* , ' _ * 
p 5 . 4 
a 3 20a * 
N . Xo "1 41 


PRO 


erw. of: nner. 485; 


8 vI. 8 


1 N Elliptic Orbitt, nearly circular, to res YE he 
motion "of the Apſe yer rug Ef 
Centripet4l Force ; and; on the contr Num the 
co ee of ihe fe is Gul Le the ; 
tripetal Farce, (6 the Centripetal Force to be as. 
ſome Power of the Altitude. 
If from any: given Law of Centripetal Force 
the Motion ofthe be requir d, the Pro- 
blem will be ſolv d by making the Orb, which, 
a Body eng in 2 mova = ) 


es are requir 


ing the Apſes of an Orb ſo av 1 1 the 
Orbs come neareſt to that when the 


Centripetal Forces, by which are deſcrib d: 
n 2 equal — ure — 
ns 
che 


Ler the Point 4 (in any of che 
gures) be the upper Apſis, T. che cente 
Forces. Let 47” the greateſt Height be 1 
T, and any other r Altitude 4, and 

their difference X. And the Force by Which | 
the Body is urg d in an Ellipſis, 4 — | 


about irs Focus 11s, (by the doregriag)s -. + 


ee Ax NES RxF3, 


A cub, . ct - _— l : 
and laſtly, if inſtead of A:you ſabſtitute TX, 
1 25 FA Xx R 


. Let he 
Value of the Cenrtiperal Fotce, bes Law is 
en, be reduc d to a ſimĩhr Fraftion ; that is, 
ſuch a one whoſe Dendminator is the ſame 4 cub. 
* Numerators Nun the _ 
gous 


* 
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logous Terms) are to be taken analogous; from 
the com of which will be made out the 
Ratio of G to F, 15. r equir d Motion of the 
the tal-Force 
ven, e let it he as a Power 

from the "Center, whoſe Expo- - 


| nent il the f giren p, or as Ab, that is a — — 
laſtead of the given p+4 put ag and inſtend of 

— Nr 
Pore will be Let Tre the. Nu- 
merator of this Fra don | bo bed e bn Inſi- 
nite Series, namely, o to Tu Tu AIX 55 


x X*—&c.. Ter the Terms gf rhis Nu 


merator de compar'd with the — 2 
going Numerator, viz. 47 x FAN $3 Rx G) 
—RxF*; that is, the given with the given, 
— the not given G which the unde- 
in d Xi found) with the not given; and 
Trek = RN * be ta F as FNν X 


to- ee XN r X* &«. that 


Arie. Let the Law 
be 


of 


is, 2 — 1 n Ax 


And becauſe the Ellipſis in — 15 — 
circular, in which half the latas tranſverſum, and 
half the Iatws rectum, or T and R are equal, and 
All the Altitudes or Diſtances from the Center 
are-nearly the ſame, therefore X, in re ſpect of 
them, is almoſt equal to roching ; chat is, the 


Terms affected by that by the mutual 
deſtæuction of che Tame and the negle@tof thoſe 
be C 


that vaniſh, the firſt: bang d 


ino this, Rx G* 35-20 7 a- Fe ln te T; 
„ room af & in —_ 
OO erm, 
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Term, 7x GA will be to Tu as F tos x TIn—2; 
therefore G9 will be to 72 as F2 comeTn—2, 
and again, G4 to F as Tut tos Tu that 
is, as 1 ton: therefore G. will be to F (that is, 

the Angle 4 TI to the CLASS to Vn. 


Ss © 


_ 
Jo pfſis, wall. be equal to Two Right; the 
| which a Body, (which is ated upon by 
2 ipetal Force proportional to a Power of 
the Altcude-whoſe Exponent is p or z) de- 
ſcending from its upper to its lower Apſes, in 
an Orbit nearly circular, deſcribes, will be to 
Two Right as 1 to Vn; therefore in an Arith- 
r 10 geg. | 
metical Phraſe equal to „ and an equal 


Angle being repeated, A Body will return from 
r. ower to its upper Apſis; and ſo on continu- 
ally. a | | | 

And, on the contrary, if the Centripetal 
Force be as any Power of the Height, that 
Power may be found from the Motion of the 
Apſes; namely, if the Angular Motion, by 
which à Body defcends from the upper to the 
lower Apfis, or the whole Angular Motion by 
which a Body receding from an Apſis returns to 
it, be to the Angular Motion of a whale Revo- 
lution (or to 368 deg.) as Unity is to the Num- 
ber Vn; the Centripetal Force will be as a 
Power of che Altitude, whoſe Exponent is »--;. 
For if the Centripetal Force be as 4®—3, by 
| Bbb 4 the 


Book IV. 
ition there will be 
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the firſt Part of this P 
the ſaid Ratio berween Motions, 
or between G and F; and th this Law of 
the Centripetal Force will depend upon thae 
proportion between & and F. Therefore the 
Centripetal Force requir d is found. 2. E. F. 
SCHOLIUM 
We will give ſome Examples of this Propoſi- 

tion in ſome of — „ Caſes. 
The Angle is requit d, w a Body makes i 
its deſcent from its upper to its lower Apſis in 
an Orb nearly circular, whilſt it is urg d by an 
uniform Centripetal Force, or 2 Forc& which #5 
the ſame in all Alticndes. Beeauſe in this caſe 
the Centripetal Force is conſtant, as 4%, 


or as 4 — , „3, and _ therefore the 

Angle deſcrib' d by a y moving from its up- 
229 —— WW 

per to its lower Aplls i is of - or of 1034. 


5%, and that Angle being again deſcrib'd, it 


returns to the upper Apſis, the Apſis being car 
ried ſwiftly in antecedentia. But if the Centri 


tal Force be as the Altitude itſelf or 47, chile ©, 
85 44—3; » wilt be 4, and the Angle between 
the upper and the lower Apſis or godes, 
therefore the Apſes of ſuch an Orbit are carried 
in antecedentia with the fame angular Celerity, 
as the Body deſcribing the Orb is * in con- 
fequentia. Likewiſe if the Centripegal Force be 


25 A. inverſly, ar as A., or ag =; „ will 
* and Vn A; ebe che Angle be 


tween che upper and and the lower: Apſis 
91.25 80 deg. 


Dir chat ia, e atich 
1 
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is urg d by ſuch a Force, as it recedes. from its 
upper Apks, and then continually deſcends, will 
come to its lower Apſis when it has made one ” 
whole Revolution ; by a conſtant aſcent, 
as it goes thro another whole Revolution, it 
will return to the upper Apſis, and ſo on con- 
ſtantly. 
0 om the other hand, that the Motion 
of the Aples is given, and the Law of: the Cen- 
eripetal Force be requir'd : for Example, let the 
Law of that Centripetal Force be requir'd by 
which that Body is ated upon, -which in one 
— 2 N Aug" cron deſcent 
aſcent, the upper returns agait 
to the upper Apſis. Becauſe in that * 
angular Motion by which a Body deſcends from 
the upper Apſis to the lower is of 2704s; the 
fourt ortional to 270 def. 180 deg. and x, 
or Vn, wi to 4, and therefore ?: 
and ſo (by the part of this Propoſition} 
the Centripetal Force is as A$—* ; that is reei- 
procally as 43—+ or A. Again, let the Law 
of that Centripetal Force be requir d by which 
that Body is acted upon, which from the upper 
Apſis to the upper Apſis again, makes 363%. 
that is, which is carried in an Orbit almoſt 
Circular, whoſe upper Apſis every Revolution 
of the Body goes thro' three Degrees in conſe- 
"tia. Becauſe the whole Angular Motion 
by which a Body receding from the upper A 
goes back to it again, is to the angular Motion 
of 3604s, as 363 to 360; V, or the fourth 
Proportional to 363, 360 and 1 will be'252 - 
therefore » will be 7: and the Centripeta 
Force as 4 +#53$—7 or as A-; that is, 
inverſſy as 4 , or inverſly as 4 . There- 
fore the Centripetal Force, by which a Body is 


hb — 
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urg d, chat deſcribes an Orbit whoſe 
one Revolution of the Body are mov 


in 
34. 
in conſequentis, as the Body recedes from the 


Center decreaſes in 2 Ratio { 


greater 
than Duplicate, hut 60 times nearer a Duplicate 
than 2 Triplicate. 


1 6 
Hence it is 
Force, by. 


or 1 
A. Body if 1. 
Sr 


cription of which 2 Body will go from the 
upper to the lower, or from the —_— to. the 


upper Apſis, will be equal to © _ 2 or be in- 
finite : therefore ic will never come to the other 
Apſis, but after innumerable Revolutions it will 
either deſcend to the Center or aſcend in Infini- 
tum. Bur if the Force in the receſs of the Body 
from the Center decreaſes in a Ratia of the Di- 
ſtance greater than Triplicate, will be 2 ne- 
Rae, quantity, and y/ ; will be a thing im 

whence the Truth of the Propoſition 15 
plain. And on the other hand it appears, that 


if .a Body aſcending and deſcending alternately 


from Apſis to Apſis, never comes to the Center; 
the Force, as you recede from the Center, will 
* be encreas d or diminiſn d in a leſs Ratio 


of 
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of the r and by how 
much leſs 7 which defcrib'd- by ehe 


whilſt it from Apſis to Apſis, by fo 
ag more will that Ratio of the — Ader 


from a Triplicate reciprocal Ratio. 


PROPOSITION VII. IL E ng A. 
F: Elliptical Orbits, which are near ly Circular, ts 


. the ax E of the Apſes 8 the . 
: orce ng the Centri 
rated agus gr lob gy mg ap os 


Powers of ther Altit 
0 let m and C any 
given Nau of which in is the Exponent 
the Power, and allo „ as in the orego- 
ing; and let the given Law of the Centriperal 
Force be ſuch, that it may be every where as 


- . . or elſe putting x inſtead of A, as 


— W Reducing its Value to an 


. 


Infinite Sande the Conn Force will be as 
51-5 T X+bmu— Tu. > Cr. 
c. K e- X? See. | x 


we muſt lay down as analogous this Value 
of the Centripetal Force, and the Value 
before found of that Force which makes 2 
Body move in a movable Elliptis, v 
T x Fl—XX Fd - R x GR EA 

that is, 


when theſe Values * hitherto the ſame De- 
nominator, the given part of one Numerator is 
io have the ſame Ratio to its part mot given, as 
the given part of the other Numerator to its 


* £ 


— —„—-— 
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part not given; that is, Rx i- Rx Fi T'x F4 
muſt be to — F41xX, s Tu 4+ CT is tom 


IT X irn. X*-Cxn 


To- X TK- X. &e. And as 


the Orbits are ſuppos d almoſt circular, Tand R 
will be equal. Beſides, by applying the Con- 
ſequents to — X, and neglecting the Terms 
affected by X as being very ſmall, (becauſe X is 
infinitely little) T G9 will be to Fd as b T 
X Ci to bx T. 1 Cx Tu-. Or, to 
make it more ſimple, that all the Powers of T 
may become equal, let T be put for Unity; 
then G4 will be to Fd as b +Ctobm + Cn. 
And for that reaſon G to E, or (as in the fig. of 
Prop. 4.) the Angle AT to the Angle ATI as 
— "©, Or as 1 to Om n. 
And therefore when the 


11 | L Angle between the up 
per and lower Apſis in an unmovable Ellipfis 

comes equal to Two right; the Angle which 
the Body (by a Centripetal Force proportional 
from its upper to its lower Apſis, or contra- 


ry. aſcent, is o Two Right; 25 to % £05 
and in an Arithmetical Phraſe that Angle is 
Fc — 2 e * . 
ez © Bots, . If the Centripetal Force 
be as the Difference of Two Powers of the 
Altitude, (namely as 2 —7 
—C in the toom of +Cin the value al 
found, the Angle between the upper and lower 
Apfis, of a movable Orbit nearly circular, 4 | 
* . equal 


— - 


—. 


— — — - = 


* 4 — 


— — — ITY 
= 


a. 


— tz 


N _ 


] 
| 
| 
| 
1 
x 
; 
f 
| 


. * — 's* 
—— -o <- __ 


_—_—_ _— — 
— - - C 


- 
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equal to / px 180d es. The ſame Way 


will the Problem be ſolv'd in more difficult 


SCHOLIUM. 


If a Body acted on by a Centripetal Force, 
which is reciprocally as rhe Square of the Alti- 
tude be revalv'd in a movable Ellipſis, that has 


its Focus in the Center of the Forces, and to 


this Centripetal Force be added, or from it be 
taken any other Force, whoſe Law and 


of is ; the Motion of the Apſes ariſing 
1 given Force will be determiud be by 


333 namely, if from the Force . T- 


be taken an extrinſecal Force, which is as the 
Alticude or Diftance from the Center, namely, 
as CA; the remaining Force by which the y 


is urg'd, will be I , where br, t, 
a4: Therefore id Ange of the Revolution 


between che Apſes i is e x 180deg. For Ex. 


Let the extrinſecal Force which is taken away 
X 367, 45 times leſs than the Pri Force, 

by which che Body is revolv'd in an Ellipſis, 
which, to mike it u we have. goes. and 


or 199 © 35645 
C will be = 573 r 35749 and 1— = 35745 
and 1— Cas . & . 

10 = 357455 ere 1i—4C ©” 35345 


A877. and Ai Ae r, 004234-. And 
therefore y = * 180 4deg. or the Angle "op 


_ tween the Aa in. a movable Orbit, will be 


r, 004234 x r80%s, or 180%, 76228, that is, 
180 


＋ꝓ— wr. ac æèN.r nnn. — 
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180 deg. 45 44”. Therefore the Motion of the 
Apſes is found in one half Revolution, or whilft 
the Body deſcends from the upper to the lower 
Apſis, viz. 45'. 44” in conſequentia, and ſo much 
does the Body go forward when it aſcends from 
the lower to the upper Apſis; that is, each Re- 
volution of the Body the Apſis is carried in con- 
ſequentia 1. 31'. 28”. | 

And converſely, if the Angle between the 
Apſes be given, you may find what Ratio the 
extrinſecal Force (whoſe Law is given) has to 
that Force by which a Body wou'd be moy'd in 
an umnovable Ellipſis: namely, if a Body re- 
turn d from the upper Apſis to the upper Apis 
again, makes by its angulat Motion an Angle 
315 the Apſis at the ſame time moving 45 
in antecedentia, and the Ratio of that ſuperadded 


Force (which is as the Altitude) to the Primary 


Force by which a Body wou d move in an un- 
mov'd Elli pſis be requir d. For, becauſe ir has 
by this Propoſition been demonſtrated, that the 
Angle between the upper and the lower Apfis is 


Ig, or that the Angle between 
m CA g 4 | | K 
| 'p ** | . T7 [FT 

the upper and the upper Apſis n r 
+Cn 


x 360*, that is (in che preſent caſe, where the 


ſuperadded Force is as the Atirude ) / += 
x 36% 315* will be i 3605. And 
by reſolving that Equation ics Value C will be 
found t. But as this Primary Force, by which 
a Body wou'd move in an unmovable Ellipſis, 
be ſuppos d I ; this Force will be to the added 
Force (which is 3 he Altitude, and which 

| | makes 
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makes the Apſes go back ſo ſwiftly) as 44 


ro 0 Ul k 3 
4 COROLLARY _- 0 
From the foregoing Scholium, and the 24 
Corollary of Prop. 5. it follows, that if from a 
Force which is in a Duplicate Ratio of the Alti- 
tude inverſly, be ſubtracted a Force which is 
diretly as the Altitude, there will be left a 
Force, which as you recede from the Center 
decreaſes more (or is lefs) than in a Duplicate 
Ratio of the encreas'd Alticude, or a Force 
which as you approach to the Center*ncreaſes 
more (or is greater) than in a Duplicate Ratio 
of the diminiſh'd Altitude; for as well in that 
caſe as in this, the Apſes of the Orb go forward, 
and for that reaſon the two Caſes become the 
ſame. And it appears by the ſame reaſoning, 
that if to a Force which is in a Duplicate reci- 
poo Ratio of the Diſtance from the Center, 
added an extrinſecal Force, which is directly 
as the ſaid diſtance, the Sum of em will be a 
Force, which, as you recede from the Center, 
decreaſes leſs (or is r) than in a Duplicate 
Ratio of the encreas'd diſtance, or (what is the 
ſame). which as you come towards the Center, 
encreaſes - leſs (or is leſs) than in a Duplicate 
Ratio of the diminiſh'd Diftance. But theſe 
alſo are an immediate Conſequence of Cor. 1. 
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forward twice when L lin the Syzygies G 
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PRO POSITION VIII. 
F a Second try Planet L deſcribes an Elliptic Orbit 
whoſe Focus is T, about the Primary Planet T; 
its greater Axa, or Line of the Apſes by its Angular 
Motion goes forward twice, backward rwice, 
every Revolution of the Satellite L; that is, it ba : 
1 
but it goes back when L is in C and D the Quadra- 
tures with the Sun. | Fig. 10.] | . 
Let S denote the Sun, 7 a Primary Planet 
moving n the Orbit D C, from D towards C 
about the Sun, L a Secondary Planet deſcribing 
an Elliptic Orbit, whoſe Focus is T, from C to G- 
towards D. Now becauſe in theſe Three Bodies 
the accelerating Attractions of any Two on the 
Third are (by what has been ſhewn in Book 2.) 
to one another reciprocally in a Duplicate Ratio 
of the Diſtances from it, this brings us to the 
Caſe of the firſt Propoſition of this Book/(whoſe 
ion we here ſuppoſe): in which it is 
hewn, that the Satellice L is urg'd by. a double 
accelerating Force, the one from L to T, and 
from L to T, ariſing from the mutual Attraction 
of the Bodies L and 7, be reciprocally propor- 
tional to the Square of the Diſtance (by Corol. 2. 
Prop. 5 1. Book 1.) the Body L will by that Force 
alone deſcribe an Ellipſis, which has its Focus. 
in7, But becauſe the laſt Force, by which . 
is acted upon, and which is directed from L to $ 
(and is, by what has been before ſhewn in Prop. x. 


as the Right line AS) is reſolv'd into Two For- 
ces, one of which is as A MH, and the other as 


MS, which is always reduc'd to MN, as has 
been ſhewn, and with the direction of theſe _ 
Right lines; of which that which is as 4 A, 


tho" 
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tho it has the ſame direction with the firſt, by 
which T draws L, yet it does not obſerve the 
ſame Law; neither is A M reciprocally as the 
Square of the Right line LT, which ſis the Di- 
ſtance of the Body L from 7, but almoſt dire- 
aly as LT; for as LT encreaſes; things remain- 
ing as before, 4 M encreaſes almoſt in the ſame 
Ratio; for SL, by reaſon of the Diſtance of 
the Body 5, is almoſt parallel to $7; the Force 
by which L when it is in the Quadrature C and 
D is urg'd toward I, being compounded of two 
(namely that firſt by which T draws L, and 
which is inverſly as the Square of the Diſtance 
LT, and that which being as A V, is almoſt 
directly as the very Diſtance L 7, for the 
third Force M N in that caſe is nothing ) 
is not as the Square of the Diſtance inverſly, 
but as you recede from 7, decreafes in a 
leſs ratio than a duplicate of the encreaſed Di- 
ſtance : When therefore to the Force, which is re- 
_ Ciprocally proportional to the Square of the Di- 
ſtance from the Center or Altitude, namely, that 
by which L draws 7, an extrinſecal Force, which 
is as the Altitude it ſelf, is added, there will ( by 
Cor. of the * Prop.) be compounded a 
Force by whoſe action the Body deſcribes an 
Ellipſis, whoſe Apſes are mov'd in antecedentia. 
Therefore when the Satellite is in the Quadra- 
tures, the Apſes of the Elliptic Orbit go back ward. 

But if the Satellite L (Fg. 11.) be in G the 
Conjunction, or B the Oppoſition with the Sun 
S, in which caſe the Force 4 M vaniſhes, be- 
ſides the Force by which T draws L; and which 
is reciprocally as the Square of the Altitude TL; 
the Body L will be urg'd by the Force A N, 
puſhing from M to N, which is not as the Square 


of the Altitude T L inverſly ; but encreaſing as 
Cee the 


2 eg 1 ny A . 
PROPOSITION, 


— — a" 
every Revolntion of the Satellir chard 
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tho it has the ſame direction with the firſt, by 
which T draws L, yet it does not obſerve the 
ſame Law; neither is 4 M reciprocally as the 
Square of the Right line L T, which ſis the Di- 
ſtance of the y L from Z, but almoſt dire- 
aly as LT; for as LT encreaſes; things remain- 
ing as before, 4 M encreaſes almoſt in the ſame 
Ratio; for SL, by reaſon of the Diſtance of 
the Body S, is almoſt parallel to S7; the Force 
by which L when it is in the Quadrature C and 
D is urg d toward 7, being compounded of two 
(namely that firſt by which T draws L, and 
which is inverſly as the Square of the Diflance 
LT, and that which being as A V, is almoſt 
directly as the very Diſtance LI, for the 
third Force MN in that caſe is nothing) 
is not as the Square of the Diſtance inverſly, 
but as you recede from 7, deereaſes in a 
leſs ratio than a duplicate of the encreaſed Di- 
ſtance : When Ove to the Force, which is re- 
ciprocally proportional to the Square of the Di- 
ſtance from the Center or Altitude, namely, that 
by which L draws 7, an extrinſecal Force, which 
is as the Altitude it ſelf, is added, there will ( by 
Cor. of the foregoing Prop.) be compounded a 
Force by whoſe action the Body deſcribes an 
Ellipſis, whoſe Apſes are mov'd in antecedentia. 
Therefore when the Satellite is in the Quadra- 
tures, the Apſes of the Elliptic Orbit go backward. 
But if the Satellite L (Ig. 11.) be in G the 
Conjunction, or B the Oppoſition with the Sun 
S, in which caſe the Force 4 M vaniſhes, be- 
ſides the Force by which T draws L; and which 
is reciprocally as the Square of the Altitude T L; 
the Body L will be urg'd by the Force M N, 
puſhing from M to N, which is not as the Square 
of the Altitude T L rr but encreaſing gl 
cc t 
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the faid Altitude encreaſes, and almoſt as TI. 
it ſelf ditectly. Therefore when from a Force 
reciprocally proportional to the Square of the 
Altitude, by which T draws L, is taken away 
an extrinſecal Force, (viz. a Force ariſing from 
the Sun's Action) which is almoſt as the Alti- 
tude itſelf; there will (by the Corollary of the 
foregoing Propoſition) be left a Force by whoſe 
action a Body is carried in an Ellipſis, whoſe 
Apſes are mov'd in conſequentia, Therefore 
when a Secondary Planet is in the Syzygies 
with the Sun, the Apſes of the Elliptic Orbit 
deſcrib'd by it go forward. 
But when the Place of the Satellite is between 
the Syzygies and the Quadratures with the Sun, 
the Motion of the Apſes depends upon the two 
foremention'd Cauſes jointly ; namely, upon 
an extrinſecal Force, added as 4 M, and taken 
away as AN; in ſuch manner that the Apſes, 
according to the exceſs of the one or the other, 
go forward or backward : Therefore in each Re- 
volucion of the Satellite L about T, the Apſes by 
turns go forward twice, and backward twice. 


PrzoPosITION IX. LEMMA. 


N fig. 11. the Force MN in the Syzygies i al- 
mo#t twice greater than the Force A M in the 
Duadratures. | 
In the Syzygies S Mis to S N in a Duplicate 
Ratio of & N to SL: but the Diſtance of the 
Points N and 7, when compar'd with S T the Di- 
tance of a Planet from the Sun vaniſhes, there- 
fore ST is equal to SN; and alſo 8 M is to 
ST in a Duplicate Ratio of ST to S L: But 
Quantities Arithmetically proportional as $ B, 
ST, SG, &c. when their — BT or TG 
is very little in reſpect of any one of em as SG, 
are 


I 


(in the firſt 
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are alſo 25 it were Geometrically Proportional, 
and ſo inverſly ; wherefore if you ſuppoſe B M 

. Ix.) and G M (in the ſecond 
fig. 11.) equal to TB, you will find that (in the 
firſt: fre 11.) MS, BS, TS, and LS, and 
(in the ſecond fig. 11.) MS, GS, T'S, LS, 
will be nearly in a continu'd Geometrical Pro- 
portion: Therefore in each Figure M'S, is to 
TS in a Duplicate Ratio of TS to LS. But 
MT is ( by Conſtruction) twice greater than 
TB, which (by the foregoing ) is equal to A M 
in the Quadratures; and MN is almoſt equal to 
MT. Therefore MN in the Syzygies is as it 


were twice greater than AM in the Quadratures, 


9. E. D. 
ProPostTION X. 
* each Revolution of any Satellite the Apſes for 
the moſt part go forward more than they go back- 
ward, and are by the Exceſs of their going forward 
carried in conſequentia. 

For the Force MN in the Syzygies, (which 
being taken away from the Force with which 
T draws L, is the cauſe that the Apſes go for- 
ward)is (by the foregoing Lemma) as it were 
ewice greater than the Force 4 M in the Qua- 
dratures, by whoſe addition to the ſaid Force, 


by which T draws L, the Apſes go backward : 


And therefore the Exceſs in one whole Revo- 

lation of the Satellice will be within the Power 

of AN, and will transfer the Apſes in conſe- 

quentia. E. D. | 

Theſe will happen fo commonly, and ceteris 
bus: But there are particular caſes, (as will 
ſhewn in the next Prop.) in which, in one 


Revolution of the Satellite about its Primary 


Planet, the Apſes go backward more than they 
go forward. 
| Cee 2 PRO- 
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PROPOSITION XI. 


N one Revolution of the Satellite L about T, the 
Progreſs of the Apſes exceeds their Regreſs, when 


they are in the Syzygies with the Sun, more than if 


they were farther from it: But the Regreſs of the 
Apſes exceeds their Progreſs in one Revolution of the 
Satellite, when the Apſes are in the Duadratures with 
the Sun: Yet they go forward more and ſwifter in their 
Syxygies, but they recede leſs and (lower in the Qua- 
þ « -— "9g and by the Exceſs of the Progreſs above the 
Regreſi, in one Revolution of the Apſes about the Sun, 
are carried in conſequentia, [| fig. 1 1. and 12.} 
Becauſe ( by Cor. 2. Prop. 5.) the Progreſs or 
Regreſs of the Apſes depends upon the Centri- 
petal Force of the Satellite towards its Primary, 
which decreaſes more or leſs than in a Duplicate 
Ratio of the encreas'd Diſtance as you recede 
from the Center, or in the Paſſage from the 
lower to the upper Apſis, as alſo upon a con- 
trary increment as you go towards the Center 
or return to the lower Apſis; it is plain that the 
Progreſs or Regreſs is the greateſt, when the 
Ratio between the Forces in the Apſes differs 
very much from an inverſe Duplicate Ratio of 
the Diſtances. Suppoſe the ſituation of theOr- 
bit of a Satellite in reſpe& to the Sun, to be 
ſuch, that its Apſes may be in the Syzygies with 
the Sun: Therefore the extrinſecal Force AN, 
which urgesthe Satellite when it is the Syzygies, 


being taken away from the Force by which the 


Primary dtaws the Satellite, leaves a Force in the 
Satellite at B, whoſe Ratio to the Force like- 
wiſe left in the Satellite at G, differs more from 
a Duplicate Ratio of the diſtances inverſly, 


than if the Apſes were not in the Syzygies; be- 


Cauſe the Ratio between the diſtances TB, TG, 


1 | 


| 
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is more unequal, or differs more from the Ratio 
of Equality, than the Ratio between any other 
Two in this Orbit: Therefore the Progreſs of 
the Apſes in this caſe is the teſt. But when 
a Satellite is come to C, the extrinſecal Force 
AM being added to the Force by which Tdraws 
the Satellite, does not ſo much make it recede 
from a Duplicate inverſe Ratio of the diftances 
in the paſſage from C to D; becauſe the diſtan- 
ces TC, TD become equal: Therefore the Ef- 
fect of this added Force is leſs: that is, the Ap- 
ſes of the Orb go back leſs in this caſe. There- 
fore, becauſe when the Apſes are in the Syzy- 

ies, they go forward very ſwiftly when the 

atellite goes thro' the Syzygies, and go back 
very 2 when the Satellite is in the Qua- 
dratures with the Sun; it is plain, that in one 
whole Revolution of the Satellite about the Pri- 
mary Planet, the Apſes in this caſe will be car- 
ried, in conſequentia, very ſwiftly. | 

No let the Apſes of the Satellite's Orb be in 
the Quadratures : in which caſe the foreſaid 
extrinſecal Force 4 AH, which acts upon the Sa- 
tellite in the Quadrature C, being added to the 
Primary Force by which T draws the Satellite, 
makes up à Force compounded of both, by 
which the Satellite, when at C, tends towards 7; 
( fig. 12.) whoſe Ratio to a Force compounded 


after the ſame manner, by which a Satellite, 


when at D, is urg'd towards the ſaid 7, recedes 
more from a Duplicate reciprocal Ratio of the 
Diſtances, than if the Apſes were not in the 
Quadratures; becauſe the Ratio between TC 
and TD is more unequal than the Ratio between 
any other Two of this Orbit; therefore the 
Regreſs of the Apſes is the greateſt in this caſe. 
But when the Satellite is come to G or B, the 
N Cee 3 | ex 


7 
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extrinſecal Force MN now urging the Satellite, 

ing taken from the Force by which T draws 
the Satellite, does not ſo much make it recede 
from a Duplicate inverſe Ratio of the Diſtances, 
whilſt the Planet goes from G to B, and ſo 
2 contra. Becauſe the Diſtances T G, TB, be- 
come equal; whence the Effect of this Force 
taken off is leſs in making the Apſes go forward; 
that is, the Apſes of the Orb go forward flower. 
Therefore, from theſe two Cauſes, when the 
Orb is ſituated as here, in reſpect to the Sun, 
the Apſes of the Orb of a Satellite (whilſt it 
makes one entire Revolution about its Primary) 
are carried backward. 

Beſides, if the Motion of the Apſes of the 
Satellite about 7, and the Motion of the Pri- 
mary about the Sun S be ſuch, that the Apſes 
of the Satellite's Orbit are nearly in the 
Aſpe& with the Sun for a conſiderable Time, 
or whilſt the Satellite it ſelf changes all its A- 
ſpects will the Sun often; by reaſon of the length 
of Time in which the Velocity of the Progreſs 
and the ſlowneſs of the Regreſs of the Apſes 
are continu'd, namely, when the Apſes ſtick 
about the Sun's Syzygies, they will go forward 
remarkably enough: and likewiſe, by reaſon of 
the length of time that the Apſes of the Satellite 
ſtick near the Sun's Quadratures, and conſe- 
quently by which the Velocity of the Regreſs 
and the ſlowneſs of the Progreſs are continu'd, 
they will recede ſenſibly enough. 3 

ut becauſe the extrinſecal Force MN (which 

we take off) that cauſes the Progreſs of the 
Apſes, has in Prep, 9. been ſhewn almoſt twice 
8 on : = AM, daes ft makes them 
go back; and beſides, the A ick longer in 
dhe Sy ay gies than in the Quadratures, _ 
3 3 $4 
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there being carried in conſequentia, they go for- 
ward with the Sun, but here bei antes in 
antecedentia, they quickly paſs thro the Sun's 
e, which is carried in antecedentia ; it 

is plain that the Apſes go forward faſter, and 
for a longer time in their Syzygies, and go back 
ſlower and not fo long in their Quadratures ; 
and by the exceſs of the Progreſs above the Re- 
greſs, in one whole Revolution of the Apſes to 
the Sun (that is, whilſt the Apſes ſeen from T 
go thro' the Aſpects with the Sun) they are car- 
ried in conſequentia. | 

All Fg oy wc ſaid will almoſt happen the 
ſame way, tho' the Species of the Second 
Orbit don't preciſely continue the ſame, if ſo 
be that the change of the Excentricity is not 
too great. 


PROPOSTLTION XII. 


F Satellite move about its Primary in an excen- 
tric Orbit, the Excentricity of it will be twice 
chang'd in every Revolution: And in one Revolution 
of the Satellite it will be the greateſt, when the Sa- 
tellite is in the Syzygies with the Sun; but the leaſt, 
when in the Duadratures: And in the Paſſage of the 
Satellite from the Duadratures to the Syzygies, it is 
| perpetually encrea d, and on the other hand, in its 
Paſſage F the Syxygies to the Quadratures, it is 
| wally diminiſh'd. 
For if the Body which did deſcribe a given 
Ellipſis, (namely, by being acted upon by a 
Centripetal Force, which, tending to one of 
the Foci or to the Center, is reciprocally pro- 
i to the Square of the Diſtance from it) 

in its deſcent from the vypor to the lower Apſis, 
be urg d by a Centripetal Force, which is en- 
greas'd more than in a Duplicate Ratio of the 
264 dimi- 
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diminiſh'd Altitude or Diftance from the Center; 
it is manifeſt, that a Body thus urg'd towards 
the Center, wou'd be more ſtrongly puſh'd to- 
wards it, than if (as before) it was urg d by a 
Force encreaſing only in a Duplicate Ratio of 
the diminiſh'd Diſtance ; therefore it wou'd de- 
ſcribe an Orb interior to the Elliptic Otbit be- 
fore deſcrib'd (except the upper Apſis) and in 
the lower Apſis it wou'd come nearer to the 
Center than before; that is, it wou'd deſcribe 
an Orb more excentric than the forementioned 
Orb, or ſuch an one in which the diſtance of a 
Body in the upper Apſis has a greater Ratio to 
its diſtance in the lower Apſis, than in the for- 
mer Orb: Now if the Force, in the Aſcent of 
the Body from the lower Apſis ſhou'd decreaſe 
in the ſame Degrees by which it increas'd in the 
Deſcent; the Body wou'd return tothe former Di- 
ſtance. But if the Centripetal Force ſhou'd de- 
ereaſe more than in the ſame Ratio, the Body then 
being leſs attracted, will aſcend to a greater Di- 
ſtance, and deſcribe an Orb, whoſe Excentri- 
city is yet greater. Likewiſe, if a Body in its 
deſcent from the upper to the lower Apſis be 
urg d by a Force, which is increas d leſs than in 
a Duplicate Ratio 'of the diminiſh'd Diſtance; 
it is plain that that Body will deſcribe an Orb 
exterior to the Elliptic Orb before deſcrib'd, 
(when the Force was reciprocally as the Square 
of the Diſtance) except in the upper Apſis, 
whence it did ſer out; that is leſs Excentric ; 
and that that Excentricity will yet be diminiſh'd, 
if in the Aſcent of the Body the Centripetal 
Force deereaſes leſs, or flower than before. 
Let the Satellite Lin the former figures and 
in fig. 14. be ſuppos'd near the Quadrature in C, 
L wh eh caſe the Force M N vaniſhes, and be- 
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ſides the Force by which the Primary T draws 
the Satellite L, which is reciprocally as the 
Square of the Diſtance, the Satellite will be 
urg'd by a Force as A M, which is as the Di- 
ſtance L T directly. And the Force made up of 
them (by Cor. Prop. 7.) as you recede from the 
Center, decreaſes leſs than in a Duplicate Ra- 
tio of the encreas'd Diſtance, and as you go to 
the Center, encceaſes leſs than in a Duplicate 
Ratio of the diminiſh'd Diſtance : Therefore 
if the Body, during one whole Revolution, is 
impell'd by this Force towards the Center, it 
wou'd deſcribe an Orb' leſs excentric than if 
that extrinſecal Force A M was taken away, and 
it was urg d only by the Force with which 7 
draws L, which is inverſly as the Square of the 
Diftance; and therefore, in that part of the 
Revolution where it is impell'd by that Force, 
it deſcribes a part of an Orbit leſs excentric, 
than if the ſaid Force AM was away. © © * 

If the Satellite be in the Syzygies as in B or 
G, when the Force 4 M vaniſhes, the Force 
MN is taken away from the Force by which T 
' draws L; that is, a Force which is as the Di- 
ſtance is taken away from a Force reciprocally 
proportional to the Square of the Diſtance ; 
therefore the remaining Force by which the 
Satellite 7 is now urg'd (by Cor. Prop. 7.) as you 
approach to the Center, encreaſes more than 
in a Ratio of the diminifh'd Diſtance, and de- 
creaſe in the ſame manner as you recede from 
the Center ; and beſides, by what has been 
ſhewn, if the Satellite, during one whole Re- 
volution, was impell'd towards the Center by 
that remaining Force, it wou'd deſcribe an Orb 
more excentric than that which it wou'd de- 
ſcribe, if it was urg'd only by the attracting 
Wl CE Force 
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Force of T; and therefore much more excentric 
than it wou d deſcribe if it was urg d by that 
Centripetal Force which acted upon it when it 
was in the Quadrature at C: Whence in that 

art of its Revolution when the extrinſecal 
Force MN is the greateſt (that is, in the Syzy- 
gies) the Satellite deſcribes a part of an Orbie 
more excentric than when it is in the Quadra- 
tures; or, in other words, the Excentricity of 
an Orb deſcrib'd by a Satellite, is greater when 
the Satellite is in the Syzygies, and leſs when 
it is in the tures. - 

Beſides, becauſe the extrinſecal additional 
Force A M is greateſt of all, and the Force MN 
is leaſt or none at all, when the Satellite is in 
the Quadratures, the Force made up of that and 
of the Force by which 7 draws L, is — a 
ribws) greateſt, and very much differs from a Du- 
licate reciprocal Ratio of the Diſtances ; there- 
ore in that caſe, the part of the Orb which is 
deſcrib'd, will belong to an Orb very little ex- 
centric. When the Satellite is gone from C 
towards B, the extrinſecal Force AN, which is 
to be taken away, encreaſes alſo, and therefore 
exerts its effects more and more; that is, makes 
the Satellite deſcribe part of an Orbit belongin 
to a more excentric one: wherefore as a Satel- 
lite goes from the Quadratures to the Syzygies, 
its Orbit becomes more and more excentric, till 
the Satellite being come to the Oppoſition or 
Conjundion with the Sun, the Orb become 
moſt excentric of all, the Force M N (which at 
other times is taken off) then exiſting alone, 
and being greateſt and moſt direct. But after- 
ward as the Satellite goes towards the Quadra- 

ture, the Excentricity begins again to diminiſh, 
becauſe the Force 4 M, which diminiſhes it is 
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encreas d. Therefore the Excentricity of the 
Orb, as the Satellite goes from the Quadratures 
to the Syzygies, is continually encreas'd ; and 
as it goes the Syzygies to the Quadratures, 
is continually diminiſh'd : And therefore is the 
— (cæteris paribus) in the Sy zygies, and the 
in the Quadratures. f 


- PxrorosITION XIII. 

HE fame things being laid down as in the 
foregoing Prop. I ſay, that if ſeveral Revo- 
Jutions of the Satellite be compar d together, the ex- 
centricity of the Orbit of the Satellite is greateſt, 
when its Apſes are in the Sreggies ; and then that it 
is continually diminiſh'd when the Apſes paſ} from the 
Syzygies to the Duadratures with the Sun, where it 
becomes the leaſt ; but when the Apſes go from the 
Dnadratures to the Syxygies the Excentricity is conti- 
nually encreas d. | 

This is prov'd the ſame way as the laſt Propo- 
ſition but one. For (by Cor. Prop. 7.) the Forces 
of the Satellite in the Quadratures, encreaſe or 
decreaſe leſs than in a duplicate Ratio of the 
dimintſh'd or encreas'd Diſtance : Wherefpre if 
the Apſes of an Orb are in the Quadratures, the 
faid Ratio of the whole encreaſe or decreaſe is 
the leaſt in the paſſage between the Apſes. 
Likewiſe, the Forces 1 a Satellite in the Syzy- 
gies encreaſe or decreaſe more than in a Dupli- 
cate Ratio of the diminiſh'd or encreas d Di- 
ſtance; and thergfore if the Apſes of the Orbit 
happen to be in the Syzygies, the ſaid Ratio of 
the whole encreaſe or decreaſe of the Forces is 
. greateſt of all between the Apſes; that is, the 

atio of the whole CE or decreaſe of 
Forces is leaſt when the Apſes are in the Qua- 
firarures, and greateſt when they are in the Sy- 
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zygies; and therefore it is continually encreas d 
in every Revolution of the Satellite about the 
Primary, whilſt the Apſes go from the Qua- 
dratures to the Syzygies, and continually di- 
miniſh'd whilſt they go from the Syzygies 
to the Quadratures. But it has been ſhewn 
by the foregoing Prop. that if jn each Revo- 
lution of a Satellite the Ratio. of the en- 
creaſe or decreaſe of the Centripetal Force be 
augmented, the Excentricity of the Orb will 
likewiſe be augmented ; and on the contrary, 
the Excentricity will be diminiſh'd, if that Ra- 
tio decreaſes: And therefore whilſt the Apſes 
paſs from the Quadratures to the Syzygies, the 
Excentricity of the Orb is continually encreas'd, 
and in their paſlage from the Syzygies to the 
Quadratures, perpetually diminiſh'd ; therefore 
the greateſt Excentricity of the Orb is when 
the Apſes are in the Syzygies, and the leaſt 
when x are in the Quadratures. And by rea- 
ſon of the length of the time that the Apſes 
ſtick near the Quadratures or the Syzygies, the 
encreſe or decreaſe of the Excentricity becomes 
very ſenſible, and the inequality between the 
Excentricity in one caſe, and the Excentricity 
in the other is the greateſt of all. Q. E. D. 
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SECTION III. 


Of the Errors which the Sun produces in 

the Motion of a Satellite, when the Plane 
of the Orbit deſcrib d by it is inclin d to the 
Plane of the Orbs deſcrib d about the Sun 
by the Primary. 


— 


E have in the firſt Book, treated of the 
Errors of a Satellite in Latitude in ge- 
neral in the 61ſt Prop. and more particularly af- 
terwards in the 64th Prop. when we ſhew'd the 
reaſon of the Preceflion of the Equinoctitial 
Points ariſing from the ſame Cauſe. Yet we'll 
take the liberty to transfer ſome of thoſe things 
hither, as to their proper place, and explain 
other things more particular concerning theſe 
Errors. | 
ProPOSITION XIV. 


F a Satellite revolves about a Primary Plunet, in 
an Orb whoſe Plane is inclin d to the Plane of the 
Primary about the Ecliptic, the Line of the Nodes will, 
by an angular Motion be mov'd in antecedentia, 
with an unequal Velocity; with the greateſt when 
the Nodes are in the Duadratures . the Sun, af 
terwards ſlower, when the Nodes being in the Syxy- 
ies it 1 altogether at ret. In the places that are 
erween the Duadratures and the Syzygies, the Nodes 
participating of each condition recede ſlower ; therefore 
being always either Retrograde or Stationary in each 
Revolution of a Satellite about the Primary, they are 
carried in antecedentia: and in the ſame Revolution 


of a Satellite they go back faſter, cæteris paribus, 
when the Satellite is in the Syzygies, 


Let 
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Let $ (as often before) denote the Sun; 
(F. 14.) ET E the Orbit of a Primary Planet 7 
CBDG the Orbit of a Secondary L about th 
Primary: Let the Right-lines S L, S7, be 
drawn, and if there be occaſion, let 'em be 
produc'd, and in them be taken the Points 
K, A, A, N, and let A M be drawn. It is plain 
from Prop. 60. Bock 1. that all the Errors of the 
Satellite L ariſe from the Forces of it that are 
as AM, MN, and with the direction of thofe 
Right lines. Now the Force acting on L, ac- 
cording to the Direction of the Right line 4 A4, 
(that is, according to the Right line LT) does 
not diſturb the Motion of L in Latitude, when 
LT &% in the Plane of the Orb CBDG. Be- 
ſides, if the diuection of another Force as MN, 
lye alſo in the Plane of the Orb C BDG (that is, 
if a Right line drawn thro' L and parallel to 
M N lies in a Plane parallel to CB DG,) neither 
will it then diſtucb the Motion of the Satellite 
in Latitude. But MN or ST, when it is in the 
Plane of the Orb SET, will alſo be in the Plane 
CBDG, if it be the common interſection of 
thoſe two Planes, namely, of the Primary and 
Secondary Orb; that is, if che Nodes be in the 
Syzygies. Therefore the Nodes being in the 
Syzygies, there will ariſe no Error of the Mo- 
tion in Latitude, neither from the Force A M, 
nor from the Force MN, which are the only 
Forces that diſturb the Motion of a Satellite; 
therefore there will be no Error in Latitude. 
Whence the Line of Nodes and the Nodes alſo 
in that caſe are at reſt, when their Motion is an 
Error ariſing from ſome diſturbing Force. 
But when the Nodes of the Orbit CB DG 
[ fg. 15.] are in the Quadratures C and D, the 
Force MN very much difturbs the Satellite's 
a | | Motion 


_ 


Motion in Latitude ; becauſe in that caſe the 
Line MN (and L F drawn thro' L parallel to it, 
along which the Force M N-of the Satellite L 
exerts it ſelf ) is moſt of all inclin'd to the Plane 
of the Orbit CBDG, wiz. as much as the Planes 
of the Orbs STE and CBDG areinclin'd to one 
another. In that caſe let us ſuppoſe one part of 
the Plane CBDG, wiz. CGD, to be rais d a- 
bove the Plane of this Scheme (which agrees 
with the Plane of the Primary Orbit ST E) and 
the other CBD to be depreſs d below it: And 
let the Orbit CD g be * equal, ſimilar, 
and alike poſited, in reſpe& of the Center 7 
with the Orb C B DG: Therefore in this caſe, as 
ſoon as the Satellite L paſſes the Node C, that 
it may come to the Conjunction with the Sun 
in G, the Force M N with the direction of the 
Right-line MN or its parallel LF, that is acting 
from L towards F, draws it from the Orbit 
CGD, which otherwiſe it wou'd deſcribe, and 
receding continually towards S from the Plane 
CG D until the next Node, it does not now go 
thro' the Plane STE or Cg D. in the Point P, 
(chro' which it wou d paſs, if that Force was a- 
way, ) but a little on this ſide of it in reſpect to 
the Sun S; that is, the Node of an Orbit de- 
ſcrib'd by a Satellite ( when urg d by the Force 
MN) is nearer to the Sun than the Point D, in 
which it was found in the foregoing Revolution 
of the Satellite. | 
' Likewiſe, whilſt the Satellite goes from the 
Node D, to its-oppoſition with the Sun in B, 
the Force M N acting in the Direction M N 
from M towards N, or from L towards F makes 
the Satellite L continually recede from the Orbit 
DBC, and deſcribe an Orbit leſs inclin'd to the 
Plane SET, or DVC. And ſince this Force on 


the 
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the Satellite L exerts it ſelf till it vaniſhes, name- 
ly, when the Satellite is come to the Quadrature 
in C, it alſo makes the Orbit truly deſcrib'd by 
the Satellite ſooner to interſect the Plane bCg D 
than the Orbit D B C G, or a little nearer to b 
than the Point C, and there makes the Node of 
the Orbit of a Satellite with that of its Primary. 
And the ſame will again happen when the Satel- 
lite goes the ſecond time thro' the ſame Circle 
CGD; namely, the Node or Point in which the 
Satellite thro Cg D, is in antecedentiæ in 
reſpect of the Point in which it had gone thro 
it the time before, and ſo on; that is, this Force 
MN forces the Satellite to deſcribe an Orbit, 
whoſe Nodes go in antecedentia at every Revolu- 
tion of L about 7; but the Nodes go backward 
the faſteſt of all when they are in the Quadra- 
tures C and D, becauſe (as it has been before 
ſhewn) the Right line AN or L F according to 
which the Force M N acts, which cauſes the 
Regreſs of the Nodes, is moſt of all Right or 
Perpendicular in that caſe to the Orbit CG DB. 

Beſides, what is aſſerted of the Situation of 
the Nodes between the dratures and Syzy- 
gies, is ſelf evident, becauſe the Right line A N 
is in that caſe more oblique to the Plane GB DG 
and therefore has not ſo much Power to diſturb 
the Satellite from it. And ſince the Regreſs of 
the Nodes depends upon the Force M N, that 
Regreſs is (ceteris paribus) greateſt, when that 
Force is greateſt, that is, when the Satellite is 
in the Syzygies. 2. E. D. 

If the Inclination of the Orb of a Satellite 
to the Plane of the Orb of the Primary about 
the Sun be chang d, the Motion of the Nodes is 
not ſenſibly chang d, unleſs the change of the In- 


clination be too great; for the Force that gives 
o- 
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— to the Nodes is not much chang d in that 
8. ' E | 


_ ProrosrttION XV. Py 

HE ſame things being laid down, I ſay that 

the Inclination of the Plane of the Orb of a Sa- 

tellite to the Plane of the Orb in which the Primary re- 
vol bes about the San, is continually chang d, and is 
the greateſt when the Nodes are in the Syzygies with 
the Sun; and the leaſt (cxteris paribus) when they 
are in the Duadratures And beſides, that in this caſe 
the ſaid Inclination. is diminiſh'd whilſt the Satellite 
paſſes from the Durdratures to the Syz.ygies, and that 
it is again augmented whilſt the Satellite piſſes from 
#he Syxygies to the Duadratures. Whence it happens, 
that when the Satellite is in the Syxygies, the Inclina- 
tion of the Planes is the leaſt, and returns nearly to the 
Quantity when the Satellite is come to the next 

Node. I ſay beſides, that when the Nodes paſs from 
the Syzygies to the Duadratures, that Inclination of 
the Planes diminiſhes, and becomes leaſt of all (cæte- 
ris paribus) when the Nodes are in the Duadratuzes ; 
and then that it encreaſes by the ſame degrees that it 
decreas d before, and the Nodes being again return d 

to the Syxygies, it returns to the firſt Magnitude. 
To all the Parts of this Propoſition follow 
eaſily enough from the 61ſt Prop. B. 1. yet we 
ſhall in this place explain them more fully, 
and demonſtrate each of them by a particular 
Scheme. ff | 

_ Firſt, let the Nodes of the Satellite L [ fg. 16.] 
be in the Syzygies with the Sun $S; that is, let 
the Line of the Nodes produc'd paſs thro' the 
Sun; in which caſe the Right line AN (which 
has been demonſtrated in Prop. 61. B. 1. to ſhew 
by its Poſition the Direction, and by its Mag- 
nitude the Quantity C _ Force, which o Y 
| 12 
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affects the Motion of a Satellite in Latitude) 
is in the Plane of the Orbit of the Satellite L: 
And therefore howſoever it diſturbs the Motion 
of the Satellite in the ſaid Plane, it does not 
impel it to any Motion out of the ſaid Plane 
BCGD; that is, it does not at all affect the 
Motion of the Satellite in Latitude, but leaves 
the Satellite undiſturb'd as to its Motion in La- 
titude, to deſcribe his Orbit about its proper 
Primary. And as that diſturbing Force 14 N 
by its nature always diminiſhes the Inclination 
of the Orb of the Satellite to the Orb of the 
Primary, and never encreaſes it but by acci- 
dent, upon account of its making the Nodes to 
go in antecedentia; it is plain that the Inclination 
of the ſaid Orbs is greateſt of all, when the 
Nodes are in the Syzygies. | 
Now ſuppoſing the Nodes to be in Quadra- 
ture with the Sun, as ſoon as the Satellite has 
paſs'd the Node C or D, being impell'd by the 
Force MN, and according to the direction LE, 
from L to F, it is continually drawn from the 
Plane of the Orbit CGD B (which, without this, 
it wou d deſcribe) and deſcribes an Orbit, whoſe 
Plane is leſs inclin d to the Plane of the Orbit 
of the Primary Cg Db. That this may ap 

the plainer, let ST repreſent (in fig. 17. the Eye 
being ſuppos d in the Line of the Nodes) the 
Plane of the Primary's Orbit about the Sun, 
TL the Plane of the Secondary inclin'd to the 
Plane ST by the Angle L TS, or the Comple- 
ment of it to two Right. The Satellite at £ 
drawn by the Force MN from L towards F, 
chat is, from the place L to the place I, deſcribes 
an Orbit, whoſe Plane T1 is inclin'd by a leſs 
Angle IT'S to ST the Plane of the Orbit of the 
Primary about the Sun. And this change of 

the 
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the Inclination of the Orb of a Satellite to the 
Orb of the Primary is (ceteris paribus) by fo 
much greater as the Force MN which produces 
it is greater: But the Force MN is greater the 
nearer the Satellite is to the Syzygies G and B. 
Therefore the Nodes ſticking at the Sun's Qua- 
dratures, the Inclination of the Orb of the Sa- 
tellice is the leaſt, when the Satellite is in the 
Syzygies. Again, becauſe the Right line M N 
and its parallel LF (viz. the Direction of the 
Force which diſturbs and diminiſhes the Inclina- 
tion) is nearer to a Perpendicular to the Plane 
of the Orbit of the Satellite when the Nodes 
are in the Quadratures, than in any other Situ- 
ation of the Nodes; in that caſe, the change 
of the Inclination will be the greateſt, there- 
fore the Inclination of the Planes will be the 
leaſt : For the nearer the Angle F LT comes to 
a Right, the greater Angle does the little Right 
line LI (of a given Length) ſubtend. There- 
fore the Inclination of the Orbit of a Satellite 
to the Orbit of its Primary Planet will be leaſt 
of all, when the Nodes are in the Quadratures 
and the Satellite at the ſame time in the Sy- 
zygies. | 
Moreover, let S T (fo. 18. the Eye being 
ſuppos'd in the Line of the Nodes produced, as 
before) repreſent the Plane of the Orbit of the 
Primary T revolving about the Sun; GTB the 
Plane of the Orbit of a Satellite, whilſt it is in- 
' clin'd to the former Orb by this ſmall Angle, 
(viz. G Tg or BT) which happens (as has been 
ſhewn) when the Satellite in the Syzygies with 
the Sun, is ſeen from 7. And fince it has been 
ſhewn, in the foregoing Prop. that the Nodes of 
the Orbit of a Satellite go in antecedentia, the 
Orbit which the Satellite, going from G, (when 
„ ſeen 


\ 
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ſeen from 7, it was in Conjunction with the 
Sun) deſcribes, will meet with S T B on this 
ſide T in reſpe& of the Sun, and will be the 
Line G d; and the Orbit which it deſcribes go- 
ing from B, where it was in Oppoſition with 
the Sun, viz. the Line Ba, will meet with the 
Plane ST at 4, wiz. beyond 7, in reſpect of 
the Sun. Now it is plain that the Line G d or 
BS contains a greater Angle with STI to d 
and , than that which GT or BT contains with 
the ſame Plane S T; wiz. about equal to that 
which the Qrbit of the Satellite contain'd with 
the Plane ST b, when the Satellite was near a 
Node. Therefore when the Nodes are in the 
Quadratures, the Inclination of the Plane of 
the Orbit of the Satellite diminiſhes, as the Sa- 
tellite paſſes from the Quadratures to the Syzy- 

ies; and on the other hand, encreaſes as the 
Satellite paſſes from the Syzygies to the Qua- 
dratures; and returns to the firſt Quantity when 
the Satellite comes to the next Node. 

Now, ſince it has been ſhewn that the Force 
M N (diſturbing the Satellite's Motion in Lati- 
rude, and eſpecially diminiſhing the Inclination 
of the Plane of the Orbit of the Satellite to the 
Plane of the Orbit of the Primary) is the great- 
eſt when the Satellite is in the Syzygies, and 
leaſt (becauſe none at all) when it is in the Qua- 
dratures, and that it does moſt powerfully pro- 
duce this Effect, (ceteris paribus) when the Satel- 
lice is in the Limit; it is plain that by how much 
the Limits are neareſt to the Quadratures when 
the Satellite is in the Syzygies, by ſo much leſs 
does this Force MN diminiſh the Inclination of 
the ſaid Planes, becauſe irs Quantity is none 
when the Satellite is in a ſituation which is the 
moſt convenient for the producing of this Effect, 


and 
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and its Quantity is greateſt when by reaſon of 
the Satellite's ſituarion, this Effect ceaſes. And 
on the other hand, ſince it has been lately ſhewn 
that the Force MN, by bringing round the 
Nodes in antecedentia does again increaſe the ſaid 
Inclination, and very powerfully encreaſe it 
when the Satellite is near either of the Nodes, 
and that in the mean time the Force it ſelf is 
greateſt when the Satellite is in the Syzygies ; 

it is plain that by how much they are nearer to 
the Syzygies with the Sun, by ſo much more 
does the Force M N encreaſe the Inclination of 
the Planes. And therefore ſince the Limits are 
equally near to or remov'd from the Quadratures, 
as the Nodes are to or from the Syzygies, it is plain 
that by how much the Nodes are nearer to the 
Syzygies, by ſo much is the Inclination of the 
Plane of the Orbit of the Satellite, to the Plane 
of the Orbit of the Primary greater, and ſo 
much leſs as the Nodes are nearer to the Qua- 
dratures. And becauſe (by the foregoing Prop.) 
the Nodes are carried in antecedentia, this inclina- 
tion of the Planes is diminiſh'd, whilſt the Nodes 
paſs from the Syzygies to the Quadratures, and 
becomes leaſt of all (ceteris paribus) when the 
Nodes are in the Quadratures; then it encreaſes 
by the ſame Degrees by which it had before de- 
creasd, and the Nodes being again got to the 
Syzygies, it returns to its firſt Quantity. . E. D, 
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PROPOSITION XVI. 


LL the Inequalities befare deſcrib d, which hap» 
in the Motion of a Satellite, as well theſe 
that affect its Mot ion in length, as thoſe that affect it 


in Breadth or Latitude, as well thoſe .which bappen 


to # Concentric, as thoſe that happen to an Excentrio 
Orbit, are ſomething greater in the Conj unction of a 
Satellite with the Sun, than in the 22 
Becauſe (by Prop. 25. El. 5.) the Sum of the 
greateſt and leaſt of Four Quantities Geometri- 
cally Proportional, always exceeds the Sum of 
the Two others; by taking away on either ſide 
the Sum of the Two leaſt, the Interval of the 
greateſt and next leaſt will exceed the Interval 
of the next greateſt and the leaſt. And becauſe 
(by the Conſtruction of Prop. 14.) the Satellite 
{ Fig. 19.] being in ConjunRion with the Sun at 
G, S M is to SN, (by reaſon of the ſmalneſs 
of NT in reſpe& of SN) that is to ST in a 
Duplicate Ratio of ST to SG; the Right line 
MT exceeds the Double of TG: For that 
which is next to the greateſt exceeds SB. A- 
gain, ſince when the Satellite is in Oppoſition, 
as at B, Sm is to ST, in a Duplicate Ratio of 
STtoSB; the Right line Tm (for the ſame 
reaſon) wants of being equal to twice TB. 
therefore 7 1 much more will want of bein 
equal to Tm, that is, N M exceeds NH. But 
N M, Nm repreſent the Forces reſpectively di- 
ſturbing the Satellite in the Conjunction and 
Oppoſition; and therefore the Effects of the 
former are greater than the Effects of the latter. 
And ſince beſides the Forces repreſented b 
NM, N m (which are the only Forces that di- 
ſturb the Motion of the Satellite when it is in 
the very Conjunction and Oppoſition) and that 
. 
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another Force, as 4 M (which diſturbs the Sa- 
tellite near the Syzygies) is greater in the Con- 
junction than in the Oppoſition, viz, in that 
greater than the Radius L 7, and in this leſs ; 
it is evident that all the Inequalities explain d in 
the foregoing Prop. are (ceters paribws) ſomething 
greater near the Conjunction of a Satellite with 
the Sun, than near the Oppoſition with it. 


9. E. D. 
: . SCHOLIUM. | 

The foregoing Propoſition wou'd always 

hold true, if the Orbit of the Satellite was con- 
centric with the Primary ; otherwiſe it wou d 
only hold in an entire Revolution of the Apſes 
about the Sun. But the Motions of the Satel- 
lites when nicely obſere'd, ſeem to ſhew that 
the Center of the Circular Orbit of a Satellite is 
ſomething farther from the Sun than the Center 
of the Primary Planet; to the intent, that the 
Satellite may all along accompany the Primary 
Planet. For if the Center of the Satellite's Or- 
bit was the ſame as the Center of the Primary 
Planet, the Satellite leaving the Primary Planet 
wou'd fall into the Sun. For the Satellite de- 
ſcribing its Orbit, makes that Orbit to be look'd 
upon as an heavy Ring, and the gravity of each 
part of that Ring is to be look d upon as the 
ſame with the gravity of the Satellite in it, and 
that place to be reckon'd heavy which is the 
Center of Gravity of it. And ſince by Prop. 16. 
the accelerating gravity of a Satellite towards 
the Sun, over and above the accelerating Gra- 
vity of the Primary towards it, is more encreas'd 
in the inferior part of its Orbit near the Con- 
junction, than it is diminiſh'd in the ſuperior 
part of it near the Oppoſition, and the Satellite 
dwells as long in the one as in the other; the 
ob Ddd 4 Center 
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Center of Gravity of the ſaid heavy Ring or 
Orbit, and therefore the Orbit itſelf is urg'd 
A ter accelerating gravity to the Sun 
e Primary ; therefore leaving the Pri- 
it will come nearer to the Sun : which 
alſo will much more be true, if the Center of 
the Circular Orbit be nearer to the Sun than the 
Center of the Primary. But the Center of the 
Orbit is ſo plac'd by the All-wiſe CREATOR 
according to the Diſtance of each Primary 
from the Sun, that the Center of Gravity of the 
ſaid Ring (look'd upon as heavy) be as far di- 
ſtant from the Sun as the Center of the Primary 
Planet, left the one ſnou d be left by the other: 
this alſo holds good in Excentric Orbs, the gra- 
vity of each ſmall part of the Orbit being eſti- 
mated by the time that the Satellite ſtays in it. 


by 
than 
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SECTION“ IV. 


Ot the Errors which the Sun produces in 
the Motion of a Satellite, when the 


Primary Planet is mov'd in an Excentric 
Orbit about the Sun. 5 


PROPOSITION XVII. 


F by reaſon of the Diſtance being encreat d and di- 
mini ſi d by turns between the Sun S and a Pri- 
mary Planet T, the action of S be encreas d and di- 
miniſb d by turns; LT the Radius of the Orbit of 
the Satellite will at the ſame time be encreasd and 
diminiſh'd, and the Periodical Time of the Satellite 
about the Primary will be encreas d. and diminiſh'd 
in a Ratio compounded of a Seſquiplicate Ratio of the 
Radius, and the Subduplicate Ratio by which the at- 
tracting Force I of the Primary Planet is diminiſh'd 
or augmented by the encreaſe or decrecſe of the Sun's 
action. | Fig. 20. ] | 
The Force with which the Primary T draws 
the Satellite L (namely that by which L is kept 
in its Orb BCG D) is encreas d (as ic has been 
often ſhewn above) when L is in the Quadra- 
tures C or D by the addition of an extrinſecal 
Force ariſing from the Sun S, which is as 4 A; 
and whilſt L is in the Syzygies, that attracting 
Force of the Body T is diminiſh'd, by taking a- 
way a Force which is as MN. And becauſe 
M N perpendicular in the Syzygies (by Prop. 9.) 
has been ſhewn as it were twice greater than 
AM in the Quadratures, by reaſon of theſe Ex- 
prinfecal Forces ariſing from the Sun, the at- 
ing bas r cracting 


o 
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„ + + 
tracting Force of the Primary is leſs diminiſh'd 
than it is encreas d; and therefore it muſt ſimply 
be look'd upon as diminiſh'd. And becauſe the 
attracting Force of the Body T'is that by which 
L is kept in its Orbit; if it ſhou'd decreaſe by de- 
grees, the Satellite L wou'd (being leſs and lefG 
attracted) continually recede from 7; and on 
the contrary, if that Force was encreas'd in the 
Primary, then it wou'd a ch nearer to 7. 
Therefore the Action of S, the Sun's Body, be- 
ing encreasd as T comes nearer to it, the Abla- 
titious Force (or Force which is to be taken away) 
will be encreas'd, and conſequently the attra- 
cting Force of the Primary T will be diminiſh'd 
by degrees, and for that reaſon J L the diſtance 
of the Satellite will be encreas d; and on the 
contrary, the Action of S it ſelf being diminiſh'd 
by the Receſs of the Primary T from it, M N 
will be diminiſh'd at the ſame time; and again, 
T its attracting Force will be encreas'd, and the 
Satellite will again approach the Primary. And 
theſe things will happen by turns: namely the 
Orbit of the Satellite will be dilated whilſt the 
Primary is in 'the Peribelium, and will be con- 
tracted again when it returns to the Aphelium. 
Beſides, the Force in the Primary which draws 
L poſited at different Diftances, or the Centri- 
petal Force of the Satellite L towards 7, is (by 
Prop. 26. B. 1.) in a Ratio compounded of the 
ſimple Ratio of the Radii directly, and the Du- 
plicate Ratio of the Periodical Time of L about 
T inverſly : therefore if the Radius remains the 
ſame, the inverſe Duplicace Ratio of the Peri- 
_ odical Time is the ſame with the Ratio of the 
Centripetal Force of the Satellite L; that is, 
the Square of the Periodic Time is encreas'd in 
the ſame Ratio in which that Centripetal Force 
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is diminiſh'd, or the Periodical Time it ſelf is 
encreas'd in the Subduplicate Ratio in which the 
ſaid Centripetal Force is diminiſh'd ; and on the 
contrary, the Periodical Time is diminifh'd in 
the Subduplicate Ratio in which the Centripe- 
tal Force is encreas'd. And beſides, as the Law 
of Attraction in the Primary 7, or of the Cen- 
tripetal Force in the Satellite L, is ſuch, as to 
be reciprocally as the Square of the Radius TL, 
and the extrinſecal Ablatizious Force be in reſpect 
of it very ſmall; the remaining Force by which 
L does yet tend toward 7, is almoſt in a Dupli- 
cate Ratio of the Radii inverſly ; therefore (by 
Prop. 28. B. 1.) the ſame abſolute attractive Force 
remaining in 7, (tho the Radius be any way 
chang'd) the Squares of the Periodical Times 
are as the Cubes of the Radii, and therefore 
the Periodical Times are in a ſeſquiplicate Ratio 
of the Radii. Therefore if neither the attra- 
tive Force remains the ſame in the Primary 7, 
but is by turns encreas'd and diminiſh'd by the 
Action of the Sun, nor the Radius TL continues 
the ſame, (which we have before ſhewn to be 
liable to change) the Periodical time will alſo 
be encreasd and diminiſh'd in a Ratio com- 
pounded of the two former Ratio's : that is, if 
the Action of the Sun S, by which the attracting 
Force of the Primary T is diminiſh'd, be dimi- 
niſh'd and encreas'd by turns; likewiſe the Pe- 
riodical Time will be encreas'd and diminiſh'd 
in a Ratio compounded of the Seſquiplicate 
Ratio of the Radii, and the Subduplicate Ratio 
in which the attracting Force of the Body J is 


diminiſh'd or encreas d. A. E. D. 
| | SCHOLIVM. 
If the Force attracting the Satellite 7'be aug- 
mented any other way than by an nn 
3 as: | orcs 


2 n 


— — — . 
-< cle wv — or — 02% —— —— — — - as 6 4 


— — = 


—— — 
* 


— — 
3 


524 The ELEMENTS Bock IV. 


Force ariſing from the Sun, as for Ex. if by a 
new acceſſion of Matter the Primary becomes 
bigger, and for that cauſe (by Prop. 49. B. 1.) its 
Attraction becomes great in that proportion; 
the Satellite L will both revolve in a leſs Orbit 
with the diminiſh'd Radius TL, and its Periodi- 


cal Time will be diminiſh'd in a Ratio com- 


pounded of the Seſquiplicate Ratio of the Radii 
directly, and a ſubduplicate Ratio of the attrra- 
Ring Forces of the Body T inverſly ; as before: 
likewiſe, if the Primary be diminiſh'd by the 
taking away ſome of its Matter, the periodical 
Time of the Satellite will be encreas'd. For 
the compound or the remaining Force, by 
which the Primary being encreas'd or diminiſh'd 
draws the Satellite, is preciſely in a Duplicate 
Ratio of the Diſtance inverſly, which only holds 

in the caſe of the foregoing Prop. The 
ame will happen in reſpect of a 3 
which has been here ſhewn of a Secondary, if 
the Sun ſhou'd in any wiſe be encreas'd or di- 


miniſn d. | 
_ ProPosITION XVIII. 
HE ſame things being laid down, in a dilated 
or contracted Syſtem of a Satellite, the Periodi- 
cal Effects of the diſturbing Forces, or the Linear Er- 
rors f a Satellite in any Revolution, are as the Radii 
of the Orbits and the Squares of the Periodical Times 


joyntly: But the Angular Errors of it ſeen from the 


Center of the Primary, are as the ſaid Squares of the 
Periodical Times. | fig. 21.] 

For the diſturbing Forces, or the Forees 
which cauſe Errors, viz. AM, MN (other 
things being as before) are as the Radius TL; 
and therefore the Periodical (Errors or) Effects 
of 'em, are (by Cor. Prop. 23. B. 1.) as the Forces 
and the Squares of the Periodic Times Pry 

| ut 
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But theſe Errors are Linear Errors, namely, mea- 
ſar'd by the Diſtances of Bodies from ſimilar 
Figures in thoſe places, to which the Bodies in 


the ſame proportional Times wou'd come with- 
out thoſe Forces. And for that reaſon the - 
lar Errors ſeen from the Center T; that is, the 
Angles under which the ſaid Linear Errors a 
pear from the ſaid Center, are in every Revolu- 
tion of the Satellite L as the Squares of the 
Times of the Revolution nearly; the other of 
the compounding Ratio's (viz. the Ratio of the 
Radii ) vaniſhing, becauſe the Linear Errors are 
ſeen at the diſtance of the Radii. 
SCHOLTU M. 

Tho' all the angular Errors in the Motion of 
a Satellite, ſeen from the Center of the Primary, 
are chang d as the Satellite's Period is chang d; 
namely, the Motion of the Apſes or Apfides, 
the Regreſs of the Nodes, and the other before- 
mention'd Deviations, as well in Longitude or 
Length, as in Latitude, ariſing from the extrin- 
ſecal Forces of the Sun; yet, as in one Period 
of a Satellite, ſome of thoſe Errors are ſcarce 

ſenſible, and not remarkable till after ſeveral 
Revolutions, and ſome Errors compenſate for 
others, therefore they have been the leſs known 
to Aſtronomers; at leaſt one Error deſcrib'd in 
Prop. 1. by which the Motion of a Satellite in 
the Quadrants of its Orbit before the Syzygies 
is accelerated, and retarded in the Quadrants 
after them, which happens every Revolution, 
or every half Revolution : for in the Quadra- 
tures of the Sun this Error ceaſes, the Cauſe 
ceaſing. Therefore this Error, as it is deduc'd 
from the ſaid Prop. I. or rather as it is corrected 
by Cor. Prop. 2. by this 18th Prop. (its Periodical 
Time being encreas d or diminiſh'd ) in one of 


its 


r 
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its whole Periods is encreas d or diminiſſid in a 
Duplicate Ratio of the Time between the 2 
dratures. But the time between the Quadra- 
tures does not depend upon the Period alone, 
but is greater or leſs 3 as the Satellice's 
place is near to the upper or lower Apſis in its 


proper Orbit. 


PROPOSITION XIX. 


F a Primary Planet be mov d about the Sun at a 

great diſtance from it in an excentric Orbit, the 
Forces of the Sun diſturbing the Motion of a Satellite 
and their Effects, viz. all the above deſerib d Errors 
in Longitude, Latitude, and Altitude, are reciprocally 
as the Cubes of the Diſtances of the Primary from the 
Sun; that is, directly as the Cubes of the apparent 
. of the Sun ſeen from the Primary. 

Fig. 22. | 
Lauft the Sun is ſuppos d at 2 great di- 
ſtance, the diſtance between the Points T and 
N in compariſon of $7, vaniſhes, or S N, ST 
are equal. And ſince the Excentricity of the 
Orbit CB DG (if it has any) being compar'd 
with TS will alſo vaniſh, $ K will Pkewiſe | - 
come equal to $7. Beſides, TS being encreas'd 
or diminiſh'd, the Orbit CB DG together with 
the Lines TL, MN, AM, Cc. that depend 
upon it, are encreas d and diminiſh'd by the fore- 
going Prop. And indeed, by reaſon of the great 
diſtance of the Sun 5, they are all encreas'd or 
diminiſh'd in the fame proportion; that is, the 
the Right line 4 M (which in its middle Quan- 
city is equal to TL, becauſe when the Satellite 
is in Conjunction with the Sun it becomes great- 
er, and about the Oppoſition lefs) is to LT as 
SK to ST; therefore a Force as M is to a Force 
as SK in the ſame Ratio ass 57. = 
1 
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wiſe, a Force as MN is to a Force as SK al- 
moſt as LT to S; that is, the Forces as MN 


A M, are nearly as the Force S R and the Ratio 
of LT to ST jointly ; that is, as the Force 


SK x r And as the Force conſtantly accele- 
rating towards the Sun's Body is ( by Prop. 42. 
B. x.) inverſly, as the Square of the diſtance 
from it; that is, in the Diſtance S K as 


S K4? 


inſtead of the Force SK putting 22 the For- 


1 


ces A M, MN, will be as 


L 3 
FT FT But it has been before ſhewn, that 


SK is in that caſe equal to $7": Whence the 
the Forces A NA, MN are as Tf Now if 


LT be alſo look'd upan as conſtant and unmo- 
vable, the diſturbing Forces will be as AM, MN, 
therefore the Effects of thoſe Forces, namely, 
all the Errors (of which we have before made 
mention) will be as a- that is, reciprocally 
as the Cube of the Diſtance of the Primary 
from the Sun. And it is commonly known that 
the apparent Diameters of a Sphere of a given 
Magnitude are inverſly as the Diftances ; and 
therefore the faid diſturbing Forces, and the Er- 
rors of a Satellite ariſing from it, are as the 


Cubes of the apparent Diameters of the Sun 
ſeen from the Primary. 2. E. D. 


PR- 
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ProPosITION XX. | 

O find the Ratio between | the Sun's Forces, by 

which the Motion of a Satellite j diſfturb'd, ani 

the Forces by which a Satellite is retain d in its Orbit 
about the Primary. [ Fig. 23.] 

It has been ſhewn in the toregoing Propofiti- 
ons, what Ratio the Forces of the Sun diſturbing 
the Motion of a Satellite have to the Force b 
which the Sun draws the Primary, or by whic 
the Primary is retain'd in its Orbit about the 
Sun: namely, that which the Right lines 4 N, 
M N, have reſpectively to S N, or AM, MT 
(the Points N and 7 coming into one) to S 7. 
What remains is to determine the Ratio between 
the ſaid diſturbing Forces, and the Force b 
which the Satellite L is retain'd in its Orbit 
CB DG about its Primary 7. The Right line 
A in its middle Quantity is equal to TL; 
wherefore the Mean Force as A M, is to the 
Force SN or ST, by which T is retain d in its. 
Orb, as TLto TS: And (by Prop. 26. B. 1.) 
the Force by which T is retain'd in its Orbit 
ETE, is to the Force, by which L is retaind 
in its Orbit C B DG, in a Ratio compounded of 
the Ratio of ST to TL and a Duplicate Ratio 
of the Periodical Time of the Satellite about the 
Primary to the Periodical Time of the Primary 
about the Sun. And therefore, ex £qwo, the 
foreſaid Mean Force 4 M is to the Force, by 
which L is detain'd in its Orbit, in a Ratio 
compounded of the Ratio of T L to TS, S T to 
TL and a Duplicate Ratio of the Periodical 
Time of the Satellite about the Primary to the 
Periodical Time of the Primary about the Sun; 
that is, (the two foregoing Ratios taking off 
each other) the Mean Force A M is to the 

Force, 
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Force, by which L is retain'd in its Orbit about 
, is in the foreſaid Duplicate Ratio of the Pe- 
riodical Times. If the Ratio between M N 
and 4 M be found out, let the ratio of each 
Force diſturbing A M and MN to the Force 
by which L is retain'd in its Orbit will be alſo 
found. Nay, you may find the Force 4 M not 
only in its Mean Quantity, but very exactly 
according to the various poſition of the Satellite 
L, and from it nicely determine the ratio be- 
tween the diſturbing Forces and the Force, by 
which L is return'd in its Orbit. | 


COROLLARY. 


If the Sun be ſuppos'd at a great Diſtance; 
as it happens in the Circumſolar Planets, at leaſt 
in thoſe that have Satellites; 4 M will always 
be equal to TL, the Right lines MT, AL, be- 
ing parallel ; and MN or MT equal to AL. 
But becauſe 8 A is to SK in a Duplicate Ratio 
of SK to SL, and SL infinite in reſpec of RL; 
AK (the Difference of 4 S and S&K) will be 
double of K L (the Difference of S K and SL) 
and AL the triple of it: But KL is the Right 
Sine of the Arc C I, namely of the Diſtance 
of the Satellite from the next Quadrature C, 
ſuppoſing TL the Radius. Therefore in that 
caſe you have always the Ratio of the Force 
"AM to MN given, wiz. that of the Radius to 
the triple of the Right Sine of the Satellite's 
- Diſtance from the Quadrature. 


SCHOLIU M. 
Much after the ſame manner that the Sun, 
plac'd without the Orbit of a Satellice, diſturbs 
its Motion, and that ſeveral ways, as it appears 
from ſeveral Propoſitions of this Book; the Su- 

, Eee perior 


130 - The BIEZMENTSs Bock NV. 


perior Planets will diſturb the Motion of the 
Ipferior, and the Comets will diſturb the Mo- 
tion of all the Planets. For the afore deſcrib' d 
Diſturbance of the Satellites ariſing from the 
Sun, is owing to the Gravitation of each Sa- 
tellite towards the Sun, by which (amongſt o- 
ther things) it happens that the Gravitation of a 
Satellite towards its Primary is no longer in a 
Duplicate reciprocal Ratio of the Diſtance from 
it. And the Actions of the Planets on one an- 
other, will produce the like Effects, tho far leſs 
ſenſible, by reaſon of the ſmallneſs of their Bo- 
dies when compar'd with the Sun, and their 
immenſe Diſtances. Yer theſe Effects (how 
fmall ſoever) will be produc'd, and if they con- 
tinue, and are always directed the ſame way, 
they will at length become ſenſible ; for Exam- 
le, it is found that the Apſes of the Earth's Or- 
it do after ſeveral years, ſenſibly appear to have 
been carried in conſequentia, tho this Motion be 
very ſmall, if it be compar'd with that of the 
Apes. of the Moon in conſequentia ; becauſe in 
twenty years they don't move quite four minutes 
and a half, whilſt the Apſes of the Moon in 
the ſame time have made more than two whole 
Revolutions and a quarter. 
Beſides, the Diſturbance of the Motion of 
the Planets, ariſing from other Planets and Co- 
mets will be very unequal, becauſe the Diſtan- 
ces of the diſturbing Bodies are very unequal. 
But as the Effects of all thisDiſturbance are ſmall, 
their inequalities will be almoſt inſenſible; and 
the Mean or middle Quantity of each will ſaf- 
ie for Aſtronomical Calculations. 


SE cron 
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SECTION V, 
Concerning the Motion of the Moon, ſeen 
1 from the Earth f 


T has been ſhewn at large, in the foregoing 
Propoſitions, what the Errors produc'd by 
the Sun in the Motion of the Secondary Planets 
are; of all which Errors we will give an Exam 
ple in the Moon, the Earth's Satellite, and ſum- 
marily ſhew by what Inequalites it is affected; 
how they are obſerv'd and diftinguiſh'd from 
each other, and alſo how they may by Compn- 
tation be trac'd from their Springs; namely, the 
Sun's Forces which cauſe them ; and laſt of all 
we ſhall give a Method for the calculating and 
making uſe of Tables of the Moon's Motions, 
where it will appear, by the by, what Errors 
the Conſtructors of Tables have hitherto taken 
notice of, and what Errors they have paſs'd by. 


- PorosITION XXI. 5 
IO deſcribe and explain the Motion of the Moon 
and its Inequalities hitherto obſery'd, whether 
nguiſh d or mix'd with others, from what has 
aid and prov d. 8 
That the , Which is a great Body and a 
Primary Planet, as it is carried about the Sun, 
can (whilft it ſelf is carried about the Sun) carry 
the leſſer Body of the Moon, revolving about 
it under the form of a Satellite, in an Orb any 
way inclin'd to the Plane of the Ecliptic in 
which the Earth is carried about the Sun; and 
that the Moon can revolve in an Ellipſis having 
e e 2 
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u Focus nearly in the Earth's Center; is plain 
from the 59th Prop. of B. 1. and its Corollaries: 
And theſe are Phenomena which every Body 
plainly ſees ; for from them the Phaſes of the 
Moon and the Eclipſes of the Luminaries are 
explain'd in the 16th, 18th, and 19th Prop. of B. r. 
But the Motion will be very much diſturb'd by 
the Action of the Sun and the Moon, and af- 
fected with theſe Inequalities which a conſtant 
and more careful Obfervation has difcover'd, 
xhoſe Effect will nevertheleſs almoſt vaniſh, if 
they be compar'd with the firſt Inequalities ; 
whence ir happens that in the forementioned 
Propofitions the Motion of a Satellite about its 
Primary, is ſuppos' d very like the Motion of a 
Primary about the Sun, tho upon a nice Obſer- 
vation it differs a little in ſome things. 

For firſt of all, if it was not for the Sun's 
Action, the Moon wou'd be fo mov'd about the 
Earth, as to deſcribe Areas proportionable to 
the times, by a Radius drawn to the Earth: But 
by the ſaid action it happens (by Prop. 1.) that ic 
deſcribes an Area greater for the time: ( that is; 
that it is carried ſwifter) in the Syzygies with 
the Sun, than in its Quadratures. And therefore 
'this Error is alſo chang'd, and in every Period 
of it in a Duplicate Ratio of the time between 
the Quadratures, by Schol. of Prop. 18. 
_ Secondly, if the Sun's Action did not diftarb 
the Moon's Motion, the Moon would deſcribe 
an Ellipſis having a Focus in the Earth's Center: 
But now it is plain by Prop. 2. that the Orbit of 
the Moon will (ceteris paribus) become lefs curve 
in the Syzygies, and more in the Quadratures ; 
and therefore chat it is nearer the Earth in the 
firſt than in laft. 7 07” 


Thirdly, 
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Thirdly, the Moon wou'd conſtantly deſcribe 
an unmov'd Ellipſis about the Earth, if the Sun 
did not diſturb it; but now from its diſturbance 
it happens, that this Orbit is very far from be- 
ing an Ellipſis; neither can it be reduc'd to one 
but by the artful Induſtry of the Aſtronomers. 
For its Orb is a Curve, which is generated of an 
Ellipſis mov'd about an unmov'd Focus or Cen- 
ter of the Earth, its greater Axis in the mean 
time vibrating with angular Motion ſometimes 
forward, ſometimes backward; as it is plain 
from Prop. 8. But the unmovable Curve AE GH 
(in fig. 3.) is truly the Moon's Orbit, which is 
no more to be reckon'd an Ellipſis than an He- 
lix is a Right line, becauſe it is generated of a 
Point moving in a Right line, whilſt the Right- 
line is carried about by an angular Motion. 
But if out of reſpect to the old Aſtronomers 
(who are to be valu'd) we call the Orbit of a 
Planet an Ellipſis, the Line of its Apſides (by 
Prop. 8.) does in each Lunation go forward 
twice, namely, when the Moon is in the Syzy- 
gies, and goes back twice when the Moon is in 
the Quadratures; and this Progreſs (by Prop. r r.) 
is greater than the Regreſs, when the Moon's 
Apogaum and Perigæum is in the Syzygies, and 
on the other hand the Regreſs does exceed the 
Progreſs when it is in the Quadratures. There- 
fore in the former Caſe, if you obſerve one 
whole Revolution of the Moon, it will ſimply 
appear that the Apogæum goes forward; but in 
the latter it goes back : but as the firſt Caſe is 
moſt laſting in one whole Revolution of the 
Apſes about the Sun, they go forward ſimply. 

Fourthly, If the Sun's action had'no power 
to diſturb the Moon's Motion, the Moon wou'd 
always deſcribe the ſame Ellipſis about the 

Eee 3 Earth; 
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Earth; whereas now it continually changes its 
ſhape; for the Excentricity of the Orbit is every 
Day chang'd, and (by Prop. 12.) it is greateſt in 
every Revolution when the Moon is in the Sy- 
zygies, and leaſt when the Moon is in the Qua- 
dratures. But if the Moon's Apogeum and Peri- 
gæum be in the Syzygies, and the Moon be at 
the ſame time in the Apogewm, that is, if the 
Excentricity be greateſt of all'; the Moon in 
the Syzygies will be both moſt remote and moſt 
flow, contrary to what was ſaid in the firſt and 
ſecond Paragr. of this Prop. But as there we 
abſtracted from that Excentricity, and we onl 
ſay that, cæteris paribus, what was there ſai 
holds good, what we ſay now does not contra- 
dict it. But even in this caſe the Moon does 
not move ſo ſlowly neither does the Excentri- 
city of the Orbit become ſo great as it would 
be, if the Errors explain'd in the faid Para- 
graphs were away. | 
PFifthly, if the Sun did not diſturb the Moon's 
Motion, 'the Moon wou'd deſcribe an Orbit 
about the Earth in an unmov'd Plane, as a Pri- 
mary Planet does about the Sun; which ap- 
pears from Prop. 11. B. 1. to be the property of 
the Way of a Projectile: But the Sun cauſes 
the Poſition of this Plane to vary differently, 
either by the change of its common Section 
or Line of the Nodes with the Plane of the 
Ecliptic, or of the Inclination it ſelf with the 
fix'd Plane of the Ecliptic. And by Prop. 14, 
in one of the Moon's Revolutions about the 
Earth, the-Nodes go' back very faft when the 
Moon is in the Syzygies, and very flowly when 
0 15 in the Quadratures ; and if ſeveral Revo- 
lutions be compar'd, the Regreſs of the Nodes 
js the ſwifteſt when they are in Qua __ 
4; + Ss 2: 8 with 
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the Sun, and floweſt (becauſe none) when in 
the SYZyBies. 
Sixthly, che Inclination of the Moon's Orbie 
to the Plane of the Ecliptic is alſo changed. 
For (by Prop. 15.) in the ſame Revolution of the 
Moon this Inclination is the leaſt when the 
Moon is in the Syzygies, and greateſt when it 
is in the Quadratures; but if feveral Revolu- 
tions be compared together, it is leaſt when the 
Nodes are in the Quadratures, and greateſt 
when they are in the Syzygies. | 
_— all the afore deſcrib'd Errors arifin 
from the Sun's Action produc'd in any ſma 
time; that is, the Velozities or Horary Motions 
of the Apopawm, Nodes, &. and of the Moon are 
chang'd according to the Earth's Diſtance from 
the Sun, which cauſes thoſe Errors, and that 
(by Prop. 19.) in a Triplicate Ratio of the Di- 
ſtance of the Earth inverſly, or in a Triplicate 
Ratio of the apparent Diameter of the Sun ſeen 
from the Earth. 

Eighthly, the Periodical Time of the Moon 
varies alſo according to the Earth's different 
Diſtance from the Sun; For it is leaſt ( by 
Prop. 17.) when the Earth is in the Aphelium; and 
greateſt when the Earth is in its Peribelium. And 
therefore, beſides all the Inequalities above men- 

tion'd in the Moon's Motion, which happen at 

. thoſe times, the Moon's Mean Motion it ſelf is 
ſwifter when the Earth is in the Apbelium, than 
when it is in the Peribelium, and proportionably 
flower or ſwifter as the Earth is nearer or farther 
from ir. | 

Perhaps there are ſome other Inequalities not 

er obſerv'd (or at leaſt not yet diſtinguiſh'd 
from the others) in the Moon's Motion by which 
it is ſo diſturb d, that it can no way be reduc'd 
| Eee 4 to 
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to a certain Rule; viz. thoſe of which mention 
is made in the Schol. of Prop. 18. &'c. After theſe 
which are enough known, the reſt will more 
eaſily be obſerv'd, and their cauſes deduc'd from 
the Principles before laid down. 


PrzoPOSITION XXII. 


O find the Diſt ance of the Moon from the Cen- 
ter of the Earth, by one Eclipſe of the Moon, 
wit bout any previous Obſervation of the Moon. 

The common Inveſtigation of the Moon 
from the Earth ( built upon the Methods laid 
down in the 2d and 3d Books) preſuppoſes the 
Theory of the Moon to be in ſome meaſure 
eſtabliſh'd, becauſe this Theory depends upon 
it, and cannot be obtain d without it; as Pro 
obſerves, in the 11 Chapter of the 5th Book of 
Almageſt. He, by an obſervation of the Moon 
in the Zenich, when at the ſame time it has its 
greateſt Laticude, performs the matter. Few 
places are fit for ſuch an Obſervation, certainly 
not our Latitude, Therefore we muſt have re- 
courſe to Geometry, and ſee if it will afford us 
any help, and find the Parallax of the Moon 
without any previous Theory or Obſervation of 


the Moon. 


At the Moment that the Horns of the Moon 
(in its Immerſion into the Earth's Shadow, or its 
Emerſion from it) are parallel to the Æquino- 
ctial, let the apparent Altitude of the Moon, 
and ( by help of the neighbouring Fix'd Stars) 
its apparent Right Aſcenſion and Declenſion be 
obſerv'd. Now the Phaſis of the Eclips'd Moon 
is very well diſtinguiſh'd, if che Horns appear to 

be in a Right line perpendicular to the Gnomon 
of a Sun-Dial, which is parallel to the Axe of 

fiucnal-: Rotation, which Line repreſents the 
ä | £ 26.5.4 8 Equator 
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Æquator; in which caſe it is plain that the Moon 
and the Shadow of the Earth have the ſame 
Right Aſcenſion. In fg. 24. let the Circle 
Z P HO repreſent the Meridian, in which the 
Pole is P, Z. the Zenith. Let E be the - 
quator, in which the place from which you be- 
gin to count the Right Aſcenſion is /; let H O 
be the Obſerver's Horizon, and 4 the Moon's 
apparent Place, and the time of the Obſer- 
vation ; which Places will be in the ſame Ver- 
tical Circle, becauſe the Parallax does ſomething 
depreſs the Phenomenon. Let the Circles of 
Declination PAB, PD meeting with the E- 
quator in B and D, be underſtood to be drawn 
thro A and J. From the given Place of the 
Sun will be given its Right Aſcenſion, and con- 
ſequently the Right Aſcenſion of the Point op- 
poſite to it, viz. the Center of the Shadow; 
that is, T D: therefore BD the difference of 
D the true and VB the apparent Right Aſcen- 
ſion will be given, or the Angle BPD, which 
is meaſur'd by this Arc. In the Spherical Tri- 
angle AP Z three ſides are given; namely, PZ 
the Complement of the Pole's Height, Z A the 
Complement of the obſerv'd apparent Altitude 
of the Moon; and AP the Complement of the 
obſerv'd apparent Declination of the Moon ; 
therefore the Angle Z AP will be given. Again, 
in the Triangle VA are given the two lately 
found Angles, VAP, and pA, with the inter- 
cepted fide AP; therefore the fide AV, the 
Moon's Parallax will be found, which bein 

given, you may, by Prop. 46. of B. 2. find the 
requir'd Diſtance of the Moon from the Center 
of the Earth. n | 


PRO-· 
FEY. 
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PROPOSITION XXIII. 


O determine the Diſt ance of the Moon from the 
Center of the Earth, at a given Time, by ob- 
ſervation. | Fig. 25.] 

Let O R denote the Earth, whoſe Center is 7; 
O the Place of the Obſerver; and let L be the 
Moon in the former Obſervation, when you 
have determin'd its Diſtance as well from the 
Earth's Center as from the Obſerver's Eye, 
(namely, the Right lines T L, O I) by the fore- 
going ; and immediately before the Eclipſe of 
the Moon, on which the ſaid Obſervation has 
been made, let the Moon's apparent Diameter 
in L be obſerv'd. Now let the Moon be ſup- 
pos d in any other place of its Orbit, as at /: 
its Diſtance T from the Earth's Center is re- 
guir'd. Let the Moon's apparent Diameter in / 
be obſerv d; now (as it is commonly known) 
O is to OL as the apparent Diameter of the 
Moon at L is to its apparent Diameter at I; that 
is in a given ratio; therefore alſo O1 is given: 
But by the apparent Altitude of the Moon in /, 
the Angle JOT is given; if therefore in the Tri- 
angle IO the ſides O / and OT, as well as the 
Angle 10 be given, you will find T/ the Di- 
ſtahce of the Moon from the Earth's Center. 

There is no need of expreſſing the apparent 
Diameters exactly in parts of a Circle ; it is 
ſufficient if their ratio to one another be known: 
For theſe Arcs or Angles are not compar'd with 
other Angles or Arcs expreſs d by parts of a Cir- 
cle; but only one with another; for their in- 
verſe Ratio is the Ratio of the Diſtances of the 
Moon from the Eye at the times of the Obſer- 
yations, Therefore it is enough if they by us 

| erv 
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ſerv'd with a Micrometer fitted to a Teleſc 
and the Diſtances of the Threads being divid 
into equal parts, they will be mark'd by thenum- 
ber of thoſe parts. | 


PROPOSITION XXIV. 
O determine the Inequalities and Errors of the 
Moon by Obſervation and diſtinguiſh them one 

The Moon's apparent Places are determin'd 
by help of the neighbouring Fix'd Stars, whoſe 
apparent Places are before exactly known, by 
Prop. 29. B. 2. and true places from the apparent 
by the 68th Prop. of the ſame Book: But the Di- 
ſtance from the Earth's Center is known at any 
time, by the foregoing Prop. Therefore all that 
regards the Moon's Motion is known. 

Since the Inequalities in the Moon's Motion, 
which are taken notice of in the 21ſt Prop. are 
known, and we know how to look for 'em, by 
comparing ſeveral of theſe kind of Obſervations 
made conſtantly and for ſeveral Years, their 
Quantities will be determin'd: as for Examp. we 
may this way determine whether (ceteris paribus ) 
the Moon moves ſwifter in the Syzygies with 
the Sun than in the Quadratures ; whether it be 
farther diſtant from the Earth in theſe than in 
thoſe ; whether the Moon's mean Motion be 
ſwifter in the Earth's Apbelium than in its Peribe- 
liam, &c. ſome of em being determin'd (viz. 
thoſe which depend upon the Syzygies with the 
Sun, and perhaps thoſe which end and begin 
again twice in a Synodical Month) the reſt will 
more eaſily be diſtinguiſh'd from one another 
Which either depend upon the Earth's Annual 

Motion, or upon the Revolution of the Apſes 
; gr Nodes of the Moon in reſpect of the Sun. 
n JON + * Theſe 
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Theſe being ſeparated from one another, there 
is left that Inequality of the Moon, of which 
we have ſpoken in general in the Scholium of 
Prop. 16. whoſe Quantity being known by its 
Period will ve gather'd from Obſervations. And 
at length by comparing the Period of the Moon 
which is now obſerv'd,with that that was known 
| ſeveral Ages ago by their Obſervations, whether 
the Globe of the Earth is in this proceſs of 
Time encreas'd or diminiſh'd, (as I ſuſpeR) and 
| Geometrically determine, by Schol. Prop. 17. what 
Increment or Decrement has happen'd in the 
whole time. But if other Inequalities, hitherto 
not obſerv'd, affect the Moon's Motion, taking 
away the foremention'd ones, they will appear, 
and being made plain will encreaſe our Aſtro- 
nomy, by making up the Moon's Theory. 


PROPOSITION XXV. 


O find the Forces of the Sun which diſturb the 
Moon's Motions, or determine the Ratio be- 
tween thoſe diſturbing Forces, and the Force of our 
Gravity. | Fig. 26.] 

The ſame things being laid down as before, 
the Forces which diſturb the Moon's Motion 
are repreſented by the Right lines AM, M N, 
and by reaſon of the Sun's Diſtance, the Line 
M N does not differ from MT, and is the Tri- 
ple of the Right Sine of the Arc CL of the 
Moon's Diſtance from the Quadrature, ſuppo- 
ſing TL the Radius; and A M is equal to TIL, 
as it has been ſhewn in Cor. Prop. 20. Alſo ſimi- 
lar, but leſs Forces diſturb the Motion of the 
Earth, becauſe it is not the Center of the Earth 
it ſelf, but the common Center of Gravity of 
the Earth and Moon, that deſcribes the Magnus 
Orbis (or great Orbit) about the Sun, as 5 has 
ik nnn ne =" a. 
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been ſhewn in the 63d Prop. B. 1. ſo that the 
Earth and Moon are as it were Satellite's revol- 
ving about the ſaid Center of Gravity. But 
we refer both the Forces to the Moon, by rea- 
ſon of what has been demonſtrated in the goth 
and 51ſt Prep. of B. xz. Moreover, by Prop. 20. 
the Force of the Sun which diſturbs the Moon, 
being as AM is to the Force, by which the 
Moon is retain'd in its Orbit, in a Duplicate 
ratio of the Moon's Periodical Time about the 
Earth, to the Earth's Periodical Time about the 
Sun: And the Force by which the Moon wou'd 
"revolve about the Earth, if it was unmov'd, 
at its preſent Diſtance from it, (which, by 
Prop. 5 T. B. 1. is equal to the Force, by which it 
is now retain'd in its Orbit about the foreſaid 
Center of Gravity,) is, by Cor. 1. Prop. 26. B. T. 
to the Force by which it might in the fame time 
revolve about the Earth, at its Diſtance from 
the ſaid Center of Gravity, as the Diſtance of 
the Moon from the Earth, to the Diſtance of 
the Moon from that Center of Gravity; for 
the Periodical Times of the Earth and the Moon 
about their common Center of Gravity are the 
ſame : And the foreſaid Force by which the 
Moon wou'd be retain'd in its Orbit about the 
unmov'd Earth, at its diſtance from that com- 
mon Center of Gravity, is to the Force which 
we call Gravity (which is indeed the ſame Force, 
but propagated to a leſs diſtance from the Cen- 
ter, namely, to the Earth's Surface only) in a 
Duplicate ratio of the Semi-Diameter of the 
Earth to the foreſaid Diſtance of the Moon 
from the common Center of Gravity of the 
Moon and Earth: And therefore the Force of 
the Sun as AM is to the Force of Gravity in 
the Earth's Surface in a Ratio compounded of 


thele 


3542 The ELEMENTS Book NV. 


theſe three Ratio's ; namely, of the Duplicate 
Ratio of the Moon's Periodical Time about the 
Earth, to the Periodical Time of the Earth a- 
bout che Sun, of the Ratio of the Moon's Di- 
ſtance from the Earth, to the Diſtance of the 
Moon from the common Center of Gravity of 
the Moon and Earth, and of the Duplicate ra- 
tio of the Semi-Diameter of the Earth to the 
diſtance of the Moon from the common Center 
of Gravity of the Earth and Moon. Now the 
three compounding Ratio's are given; therefore 
we have the Ratio compounded of them, viz. 
the Ratio between the Sun's Force as A M and 
the Force of Gravity. But the Ratio of the 
other diſturbing Force as MN or MT to AM 
or LT is known, namely, that of the Triple 
of the Sine of the Arc CL of the Moon's Di- 
ſtance from the rature to the Radius; 
Therefore the Ratio of each Force of the Suri 
which diſturbs the Moon's Motion to the Force 
of our Gravity here is found. 

The Mean compounding Force may without 
any ſenſible Error be neglected, as coming near 
to the ratio of Equality: which makes the So- 
lution fo much the eaſier. 


4 
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SECTION Vi. 
Of the Moon's Tables, and their uſe. 


ProPOSITION XXVI. 


O ex plain the Order f the Lunary Tables, de- 
ien 7 for the readi fadine of of the Plane of 
the Moon ſeen from the Earth. 

Firſt of all, the Epocha or Root of the Moon's 
Motion is ſettled : that is, (as has been above 
explain'd in B. 3.) by taking a remarkable Point 
of the Mean Time, number'd in the place for 
which the Tables are deſign d; on the ſide you 
muſt ſet down the Mean Longitudes of the 
Moon, and its Apog.cums, and nding Nodes 
agreeing with the ſaid Time. Likewile, for 
readily finding the Moon's Aſpects with the 
Sun, the Roa: of the Moon's Mean Motion, 

rom the Sun is ſettled; that is, the Mean 
iſtance of the Moon from the Sun is puc 
down agreeable to the ſaid Epocha. 

Secondly, the Mean Motions of the Moon 
it ſelf, an its Apogæums and Nodes are to be ſet 
down i in the Tab ables for Years, Tens of Years, 
and 1 of Years, Cc. and alſo for 
Months, Days, Hours, and parts of Hours. 
Likewiſe the Mean Motions of the Moon from 
the Sun, for the ſame numbers of Years, 
Months, Days, &c. muſt be ſet down; which 
are eaſil found, by taking away che Sun's 
Mean Motion from the Moon's Mean Motion, 

1555 to the ſame Time. 


you muſt ſet down the Correction 
: Mean Motion, according to the 
Earth” 5 
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Earth's Diſtance from the Sun. For the Moon's 
Mean Motion being taken from the foregoing 
Table, is the Mean Motion in a larger Sence; 
that is, in reſpect of a Courſe of ſeveral Years. 
Now (by Prop. 17.) the Moon's Periodical Time 
is ſhorter when the Exrth is in its Aphelium ; but 
as it recedes from ĩt, the Moon's Periodical Time 
is encreas'd, till it be the greateſt of all, when 
the Earth is come to the Peribelium. Therefore 
its Mean Place before found is to be corrected 
by the addition or ſubſtraction of an Arc or 
Angle depending upon the Mean Anomaly of 
the Earth: Yet the Place of the Moon fo cor- 
rected is ſtill the Mean Place. This Table of 
the Correction of the Moon's Mean Motion 
depending upon the Earth's Anomaly, is ſettled 
by means of the 17, 20, and 25 Prop. 

Fourthly, the Corrections ( call'd «Equations 
in the Aſtronomic Phraſe) of the Mean Place 
of the Moon's Apogæum. And theſe Æquations 
are Three; the Firſt depends upon the Aſpect 


of the Apogæum and the Sun; for it has been 


ſhewn in Prop. 11. that the Apogæum goes for- 
ward when it is in the Syzygies, and goes back- 
ward when it is in the Quadratures with the 
Sun ; therefore to the Mean Apogzum 1s to be 
added, or from it is to be ſubſtracted the Æqua- 
tion depending upon the ſituation of the Apo- 
gæum in reſpect of the Sun: The quantity of 
this Aquation is proportional to the quantity 
of the Forces that produce thoſe Effects, which 
are to be determin'd by the 11, 20, and 25 Pro- 
foſirionws. The ſecond Equation of the Moon's | 
Apogzum is Monthly, and depends upon the 
Sun and Moon's Afpeck. For tho near the 
Conjunction or Oppoſition of the Moon's Apo- 
gæum with the Sun, the Apogæum goes forward 

in 
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in one whole Lunation, yet that Progreſs of the 
Apogzum is not equable, but when the Moon 
is in the Quadratures, it goes forward ſlower, 
or by chance it may alſo go back ; when the 
Moon is in the Syzygies, its Apogzum goes for- 
ward much faſter. Likewiſe, tho near the 
. Quadrature of the Apogzum of the Moon 
with the Sun, the Apogzum of the Moon goes 
back in reſpe& of one whole Lunation, yer it 
does not equably go back, but the Moon in th 
Syzygies either makes it go forward, or at lea 
$0 back more ſlowly. Theſe things are plain 
rom Prop. 10. whence the Place of the Moon's 
Apogzum being firſt (by the foregoing Corre- 
&ion) brought to an Equality, muſt alfo be cor- 


rected by this monthly Equation. The Quan- 


tity of this Æquation is to be gather'd from the 
different Aſpects of the Moon to the Sun (by 


Prop. 8, 20, and 25.) But there is alſo need of 


a third Æquation fully to rectify the Place of the 
Apogzum : For the Motion of the Apogzum, 
whether progreſſive or regreſſive, is greater or 


leſs according to the leſs or greater Diſtance of . 


the Earth from the Sun ; and its Velocity, ( by 
Prop. 19.) is in a Triplicate Ratio of the Sun's ap- 
parent Diameter: Therefore this depends upon 
the mean Anomaly of the Earth, às alſo the 
Correction of the mean Motion, of which we 
have ſpoken above. Its Quantity may be drawn 
from the kriowledge of the Degree of the Ano- 
maly in Prop. 19, 20, and 25. COT 

Fifthly, the Excentricity of the Lunar Orbit 
is liable to a continual change, and the Times 
of that change are the ſame with thoſe of the 


progreflive and regreſſive Motion of the Apo- 


gzum. Becauſe (by Prop. 13.) if you compare 
done whole Lunation 7 . another whole one, 


ths. 
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the greateſt Excentrigity is when the Apſes are 
in the Syzygies, and the leaſt when they are in 
the Quadratures. And in one Lunation ( by 
Prop. 12.) it is greateſt when the Moon is in the 
Syzygies, and leaſt when the Moon is in the 
Quadratures: for Example, in that Month that 


the Apſes are in the Syzygies, the Excentricity 


is diminiſh'd, when the Moon itſelf is come to 
the Quadrature, at which time it is leaſt of all 
in that Lunation. And likewiſe, when the A- 

gzum is in the Quadrature with the Snn, the 
— which already was little, is dimi- 
niſh'd, whilſt the Moon goes from the Syzygies 
to the Quadratures. Therefore the Excentri- 
cities of the Orbit, which agrees with the Aſpect 
of the Apogzum of the Moon are put down 
in the Tables, and that very conveniently over- 
againſt the Equations of the Apogzum, which 
depend upon the ſaid Aſpect, and as it were 
make the ſame Table with them. Moreover, 
theſe Excentricities are again to be corrected 


by the Monthly Equation depending upon the 


Moon's Diſtance from the Syzygies: For when 
the Meon is in the Syzygies, the Excentricity 
(ceteris paribus) is greateſt. But the Excentri- 
City thus equated muſt again be (by Prop. 18 and 

T9.) corrected according as the Sun's Diſtance 
from the Earth is encreas'd or diminiſh'd ; and 
this 75 depends upon the Earth's Ano- 
maly : But theſe three Tables are calculated by 
help of the reſpective aforecited Propoſitions, 
together with the 2oth and 25th. And as the 

utations of the ſaid Excentricity have the 


fame Terms and Times with the aforeſaid Mo- 
tions of the Apogzum, the two laſt Equations 
of it, namely, the Monthly and Annual, will 
- alfo very conveniently in the fame Table be 


joyn'd 
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of Prop. 3. B.z.or, if we may be allow'd to 
approximation, we may make uſe of ſome of the 
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Join'd to the two laſt Equations of the Excen- 
tricity. Theſe Corrections are made very 
and eaſily by the Addition or Subtraction of the 
Particulars ſet down in the Table, according 
to the various Diſtance of the Moon from the 
Syzygies with the Sun, or the various Diſtance 
of the Earth from the Aphelium ; that is, un- 
der the ſame Titles as you had before ſet down 
the Annual and Monthly Corrections of the 
Apogzum. 

Sixthly, you muſt add the ſaid Table of the 
e£quation of the Orbit, by which, from the gi- 
ven Time of the Moon's being in the A um, 
you may find the Angle by which the Moon, 
ſeen from the Earth, is diſtant from the Apo- 
gzum. For as the Moon in its temporary El- 
liptic Orbit moves after the fame manner about 
the Earth in the Focus of an Ellipſis, as any 
Primary Planet moves about the Sun; that is, 
deſcribes (by a Radius drawn to the Earth) an 
Area proportionable to the Time; (at leaſt we 
now abſtra& from all other Inequalities, having 
their proportion in the other Tables of Aqua- 
tion of the Moon's Motion ; ) if the Orbit bg 
given, its true Place (when it is ſeen from the 
Earth) will after the ſame manner be found for 
2 given Time, as the Place of the Primary ſeen 
from the Sun is found; that is, the Excentri- 
city or Ratio of the Diſtance of the Foci to 
the greater Axis being given, from the given 
mean Anomaly of the Moon (which conſiſts in 
an Area proportionable to the Time) the coe- 
quated Anomaly will be found in this Place after 
the ſame manner as in that; namely, by hel 


Propoſitions that follow in the 3d Book, Ward's 
e 14 | Ap- 


* 


well 
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Approximation is ſufficient, in which caſe the 
Equation of the Orbit, or the Æquation of 
the Excentric (which is alſo call'd the AÆ guati- 
on of rhe Moon's Center) is (by Prop. 6. B. 3.) found 
according to the Degree of che Moon's mean 
Anomaly, and the Xquartions being found for 
every Degree, are ſer down in the Tables, to 
be added or ſubtracted according to the Semi- 
Orbit, from the Apogzum to the Perigzum, 
or from the Perigzum to the Apogzum. But 
becauſe the Exeentricity of the Moon's Orbit 
is continually chang'd, and it would be im- 
poſſible to conſtruct a Table for every Excen- 
tricity ; therefore Aſtronomers commonly con- 
ſtruct Xquation Tables of this kind for eve 
Degree of the Mean Anomaly for the greate 
and leaſt Excentricity of the Orbit, and fome- 
times alſo for the Mean ; and they alfo take a 
proportionable Xquarion between the greateſt 
and the leaſt, and the Excentricity belonging 
to the Lunar Orbit is between the greateſt and 
the leaſt. 
Seventhly, we muſt add a Table ſhewing that 
Inequality of the Moon, which we have (in 
the 1ſt Prop.) ſhew'd to belong to every Satel- 
lite, according to the Moon's various Diſtance 
from the Syzygies. For the Moon's Motion in 
the firſt Quadrant of the Month (or as the 
Moon goes from the Conjunction to the next 
Quadrature) is retarded, accelerated in the ſe- 
cond, retarded again in the third, and then ac- 
celerated again in the fourth. | 
_ Tycho was the firſt that diſcover'd this inequality 
in the Moon's Motion, and gave it properly e- 
nough the Name of Variation: But a Table of Va- 
riation is to be made from what has been ſaid in 
Cor. 2. Prop. 2. according as the Moon's Orbit is 
broader 
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broader between the Quadratures, and narrower 
between the Syzygies, which has been ſhewn 
to be the true Track of the Moon ( by Prop. 2. 
and its 1ſt Corol.) The greateſt Quantity of 
that Variation is drawn from the 2oth and 25th. 
Prop. and the Quantity belonging to every Di- 
ſtance of the Moon from the Syzygies ( from 
Prop. 1. and 2. and the Cor. of the zd.) Beſides, 
the Variation is again to be corrected, by help 
of the Table made by Prop. 18. and 19. For 
when the Earth is in the Perihelium, the Moon's 
Periodical Time is encreasd, and among all 
the other encreas'd Errors, this Variation ( which 
we now ſpeak of ) is encreas'd every Revolution 
in a Duplicate Ratio of the Time between the 
Moon's Quadratures (by Schol. Prop. 18.) This 
Correction depends upon the Earth's Mean A- 
nomaly, and alſo the other by which the Vari- 
ation is encreas'd or diminiſh'd in a Triplicate 
Ratio of the Sun's apparent Diameter, ſeen 
from the Earth. 

Eighthly, you muſt ſet down three Æquati- 
ons of the Moon's Nodes in Tables. The firſt 
of 'em depends upon the Aſpe& of the Nodes 
with the Sun: For (by Prop. 14.) the Nodes are 
altogether at reſt in the Syzygies ; but when 
they ſtick about the Sun's Quadratures, they are 
carried very ſwiftly in antecedentia ; and eſpecial- 
ly fo, if you compare one whole Lunation with 
another whole one. For if you obſerve one 
by itſelf, the Nodes go back ſwifteſt (byProp.14.) 
when the Moon is in the Syzygies: And from 
hence the Monthly ' Equation is neceſſary, 
which depends upon. the Aſpects of the Sun 
and Moon. The third Xquarion is Annual; 
for the Nodes (cæteris paribi) go back ſo much 
the faſter, as:the Earth is nearer to the Perihe- 
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lium, by Prep. 19. The Quantities of thoſe - 
quations (whether they be the greateſt, or thoſe 
that agree with any Aſpect of the Nodes, or 
of the Moon with the Sun, and the Anomaly 
of the Earth) are determin d by the 2oth and 
25th Prop. together with the x4th and 19th. 

Ni thiy, there is need of the ſame Correcti- 
ons to equate the Inclination of the Moon's Or- 
bit to the Plane of the Ecliptic: For it is (by 
Prop. 15.) leaſt when the Nodes are in the Qua- 
dratures with the Sun, and greateſt when 
are in the Syzygies; and in the ſame Lunation, 
leaſt when the Moon is in the Syzygies, and 
greateſt when it is in the Quadratures. Since 
therefore theſe have the ſame Times as the E- 
quations of the Nodes (as we have ſaid before) 
in reſpect of the Aſpect of the Nodes, as well 
with the Moon as with the Sun, they eaſily fall 
in together in the ſame Table. And the Cor- 
rection of the Inclination of the Planes is made 
eaſily, by the Particles to be added in the 
leaſt Inclicfation (as we have faid before, con- 
cerning the correcting of the Excentricity ) 
which vary according to the faid Aſpects of the 
Nodes and of the Moon to the Sun (or, in the 
Aſtronomers Phraſe, according to the Diſtances 
of the Npdes and of the Moon from the Sun) 
or perhaps more fitly by the Particles to be 
deducted from the greateſt Inclination: For this 
ſeems natural to the Moon's Orbit, becauſe it 
wou'd belong to it if the Sun did not diſturb 
its Motion. But this Inclination alſo is to be 
equated by the Annual Correction, which de- 
pends upon the Earth's Diſtance from the Sun, 
pr the Earth's Anomaly, and which will fall 
into one Table with the Annual Xquation. of 
dhe Nodes. The greateſt Quantities of — 
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three Aaron, and thoſe which belong to 
every Aſpect or Diſtance, are drawn Ko the 
15, 18, 19, 20, and 25 Propoſitions. 

Tenthly, a Table is to be made to ſhew the 
Proportion of all the foregoing Monthly Cor- 
rections, or Increments or Decrements made in 
the Syzygies, in the Conjunction and Oppoſi- 
tion with the Sun. For ( by Prop. 16.) all the 
Effects that are produc'd in the Syzygies of the 
Luminaries, are greater in the Conjunction and 
leſs in the Oppoſition. The Proportion may 
be drawn from the Ratio of the generating 
Forces, by the foregoing Propoſitions. | 

Eleventhly, there is added a Table of the 
Moon's Laticude according to ny Degree of 
the Diſtance from the ſaid Node. Its Conftru- 
ction depends upon the Doctrine of Spherics. 
For in a Spherical Rectangular Triangle beſides 
the Right line, the Hypothenuſe is given, 
namely the Moon's Diſtance from the Node, 
and the Angle at the Node, namely, the In- 
clination of the Plane of the Moon's Orbit to 
the Plane of the Ecliptic, (which is alfo call'd 
the Inclination of the Limits ; ) therefore the Side 
oppoſite to that Angle will be found; namely, 
the Moon's Latitude requir'd, according to 2 
ſaid Diſtance from the Node. But becauſe the 
Inclination of the Plane of the Moon's Orbit 
to the Plane of the Ecliptic is differenc at diffe- 
rent Times, therefore commonly one Table 
only of the Moon's Latitude is made for the 
| leaſt Inclination of the ſaid Planes, thoſe Par- 

ticles being joyn'd which are to be added to 
the Latitude, when the ſaid Inclination is the 
teſt. In the Mean Inclinations, ſuch a part 


of the annex'd Particle is to be added, as is 
to the whole, as the Exceſs of the given Inclina- 
| „„ 
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tion above the leaſt, to the Exceſs of the greateſt 
above the leaſt; as it is uſual in the like caſes. 
Twelfthly, you muſt alſo ſubjoin a Table, 
ſhewing the Moon's Place reduc'd to the Ecli- 
ptic for every Degree of the Moon's diſtance 
from the Node. Its Conſtruction alſo depends 
upon the Doctrine of Spherics. For in the 
fame Triangle in which the Latitude is firſt 
found out, the third Side, or the diſtance be- 
tween the Node and the Point where the Circle 
of Latitude paſſing thro' the Moon's Place, cuts 
the Ecliptic, is the Moon's diſtance from the 
Node reduc'd to the Ecliptic : and the Interval 
between that and the Moon's diſtance from the 
Node, computed in its Orbit, is call'd the Re 
duct ion, and is diſpos'd into a Table according 
to Art. And as it varies according to the va- 
rious Inclination of the Lunar Orbit to the E- 
cliptic, (after the ſame manner as before) the 
Exceſs of the foreſaid Reduction is mark d when 
the Inclinatioh of the Limits is the greateſt, that 
its proportional part may be taken when the 
Inclination of the Limits is Mean between the 
zreateſt and the leaſt : For the Reduction itſelf 
fitted to the leaſt Inclination, as the Latitude 
„% 
But alfo when other Errors are diſcover' d, 
other Tables muſt be conſtructed, fully and per- 
fectly to rectify the Moon's Motion, which is 
far the hardeſt Work in Aſtronomy. Let what 
we have ſaid of the Ocder of theſe Tables, ſuf- 
fice in the mean tim 


7 
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PROPOSITION XXVII. 


O explain the Order of Lunar Tables, in order to 
T find readily the Place of the Moon ſeen from a 
given Point in the Rarth's Surface. | 

Becauſe the Moon's Place ſeen from a Point 
in the Earth's Surface differs ſenſibly from its 
Place when ſeen from the Center, which laſt 
Place alone is to be found by the foregoing 
Tables ; therefore Aſtronomers make Tables 
alſo to diſcover the firſt from the knowledge of 
the laſt. And as the Parallax is all the diffe- 
rence between the ſaid Places, the knowledge 
of it is ſufficient. And becauſe when you know 
the Horizontal Parallax, you may find the Pa- 
rallax of any other Elevation above the Hori- 
2zon, oy Prop. 47. B. 2. therefore we have need 
only of the Moon's Horizontal Parallax. And 
as the Moon's horizontal Parallax varies accor- 
ding to the Moon's greater or leſs diſtance from 
the Earth, there muſt be made a Table of thoſe 
Parallaxes. Now the Parallax for one Diſtance 
is known by Prop. 22. and the Moon's Diſtances 
from the Earth in the other Points of its Orbit 
in reſpe& of the Diſtance found by the ſaid 
22d are determin'd by the Moon's Orbit, which 
has been before deſcrib'd ; therefore the Moon's 
horizontal Parallaxes (which, y Prop. 48. B. 2. 
are reciprocally as its Diſtances from the Center 
of the Earth) according to its Situation in re- 
ſpect of the Apogæum and Perigæum of its 
Orbit, that is, according to its mean Anomaly, 
are known and reduc'd to a Table. 

But becauſe ſuch a Table of the Moon's ho- 
rizontal Parallaxes ſerves only for one Figure 
of the Orbit; therefore they conſtruct one for 
ſhe greateſt Excentricity and another for the 

PN rl Ai leaft, 
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leaſt, and take the Moon's horizontal Parallax 
for a given Time in the ſame Mean Ratio be- 
tween the Parallaxes agreeable to the greateſt 
and leaſt Excentricity, becauſe the Excentrici- 
ty agreeable to that Time, is a Mean between 
the teſt and the leaſt Excentricity. 

The Moon's horizontal Parallax thus found, 
is to be rectiſied by a certain Æquation to be 
drawn from another Table, whoſe Foundation 
is as follows. It is plain from Prop. 2. that the 
Moon (ceteris paribus) is farther di from the 
Earth in the ratures than in 298 
One may find the Proportion between Di- 
ſtances of the Moon from the Earth, from the 
Proportion of the Forces of the Sun which 
produce that Effect by help of Prop. 20. and 25. 
Therefore a Table for £quating the Moon's Pa- 
rallax conſiſts of Particles to be ſubſtracted from 
the Parallax which it has in the Syzygies, as 
tthe Moon comes nearer to the Qua 

where (ceteris paribus) the Parallax is the leaft, 
becauſe the Moon is the fartheſt diſtant from the 
Earth: Therefore this Æquation is Monthly, 
depending upon the Syzygies of the Sun and 

oon. 

But this Parallax of the Moon is alſo affected 
by the Annual Æquation; as being leſs when 
the Earth is in the Perihelium, greater when it 
is in the Aphelium, ( cares gory ) becauſe the 
whole Lunar Syſtem is in this caſe contracted, 
bur dilated in the other, by Prop. 17. This - 
quation depends upon the Earth's Mean Ano- 
maly, and is conſtructed by help of the 17th, 


* 


20th, and 25th Propoſitions, 


PRO. 
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PxoPoOSITION XXVIII. 


O find the Moon's Place, ſeen from any Place of 
the Earth's Surface, for a given Time, by help 
of the Tables above deſcrib d. 

Let the Time, reckon'd at the Habitation or 
Place given, be ( by Prop. 32. B. 2.) reduc'd to 
the Time which is reckon'd under the Meridian 
of the Place for which the Tables are calcu- 
lated; and when (by Prop. 17. B. 3.) it is equated 
to ir, let the Sun's Place be found. 

At the Epocha mark'd in the Table, which 
before the given Time, mark the Mean 
laces of the Moon, of the Moon's Apogzum, 
and of the aſcending Nodes, and collecting the 
Mean Motion of thoſe three made from that 
Epocha to the Time given, add the two firſt to 
the aforeſaid Places of the Moon and the Apo- 
zum, thatthey may become the Meanof them 
or the Time given; but let the Motion of the 
Node then made, be ſubſtracted from the ra- 
dical Place (becauſe they are mov'd in antece- 
dentia) that it may become its Mean Place; 
and let the Moon's Mean Place be corrected by 
that Æquation depending upon the Earth's 
Mean Anomaly. Of whichſee Sec. III. Prop. 26. 

Moreover, let the Mean Place of the Apo- 
gæum be corrected by three Æquations, of 
which we have ſpoken in the 4th Se#. of the 
ſaid 26th Prop. For the Sun's Place being given, 
and the nearly true Place of the Apogzum, 
the Aſpect of the Lunar Apogzum with the 
Sun is given, and from thence the Xquation 
that depends upon it. Likewiſe, becauſe as 
well the Sun's true Place, as the Moon's nearly 
true Place is known, the Moon's Aſpect to the 
dun is alſo known, and from thence the Monthly 

2 | Aqua- 
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Æquation of the Apogzum that depends upon 
it. And an annual Æquation of the Apogæum 


agreeable to the Earth's Mean Anomaly (firft 
neceſſary to determine the Sun's Place) will be 
found in the third Table of Æquation. And 
this Æquation is the truly annual one depend- 
ing uon the Earth's Period about the Sun; for 
that firſt, which depends upon the Aſpect of the 
Moon's Apogzum with the Sun, is by ſome 
improperly call'd Annual, ſince its Period is not 
finiſh'd in leſs than 400 Days; the Sun re- 
quiring that Time, that being gone from the 
Lunar Apogzum it may again follow the Apo- 
gum Which is carried in conſequentia. So alſo 
the Excentricity of the Moon's Orbit, taken 
out of the Table from the Sun's Apogzum, is 
corrected by the Monthly and the Annual E- 
quation. 

Having therefore found the true Place of 
the Moon's Apogzum, and the Moon's Mean 
Place being firſt corrected, by taking the firſt 
from the laſt, the Remainder is the Moon's 
Mean Diſtance from its Apogzum reckon'd or 
number'd in conſequentia, or the Moon's Mean 
Anomaly ; agreeable to which you will (in the 
Table of Se. 6. Prop. 26.) find the 242 
for the Excentricity of the Orbit before found, 
by which the Moon's Mean Place, before cor- 
reted, being again rectified, will give the 
Moon's Place more correct, wr Equated, as ſome 
call it. 

From the Moon's Equated Place lately found, 
and the Sun's Place firſt of all determin'd, the 
Aſpect of the Sun and Moon is now enough 
known, and the Variation that depends upon 
it, is known by the Table, of which we ſpoke 
in Sect. 7. Prop. 26. but even this is to be corrected 


by 
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by the double Annual Zquation, of which we 
ſpoke in the ſame Place. The Moon's Equated 
Place is to be corrected by the Variation cor- 
reed in the abovemention d manner; and thus 
ou will to the greateſt nicety have the Moon's 
Place in its Orbit, or in reſpect of its Apſis. 
Now in order to reduce it to the Ecliptic, 
firſt of all we muſt determine the Places of the 
Nodes. And as the Sun's true Place, and the 
nearly true Place of the Nodes, or their Mean 
Place will be given ; ſo likewiſe will be given 
the Aſpect - 1 the Nodes with the Sun, and 
conſequently its correſpondent Equation from 
the Table, of which we made mention in the 
8th Sed. Prop. 26. by which the Node's Mean 
Place being corrected is again to be twice cor- 
rected by the Monthly and Annual Æquation 
of which we alſo ſpoke there. | 
At the ſame time, from the ſame Aſpect of 
the Nodes to the Sun, may be drawn the Ex- 
ceſs of the Inclination of the Limits above 
their own leaſt Inclination (or their Defe& 
from the greateſt ) by which the leaſt Inclina- 
tion (or the greateſt) is to be corrected, that it 
may become more exact : but it 15 again twice 
to be corrected; namely, according to the 
Moon's Aſpect to the Sun, and the Earth's 
Mean Anomaly; of which Tables of Equa- 
tion we have ſpoken in Se. 9. Prop. 26. If the 
moſt correct Place of the Moon in the Syzygies 
be requir'd, you may alſo have the Propor- 
tion of that Correction, which we have ſpoken 
of in Set}. 10. Prop. 26. 8 
But becauſe the true Places of the Node and 
the Moon's Apogæum in the Ecliptic, and the 
Incli nation of the Moon's Orbit to it are known 
by the reſolution of the Rectangular Spherical 


Tri- 
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Triangle, in which, beſides the Right-Angle, 
one of the Angles, and one of the Sides next 
to the Right -Angle are given, the Diſtance of 
the Apogæum from the Node, computed in the 
Moon's Orbit, is found; wiz. the Hypothenuſe. 
And the Moon's Place in its Orbit reckon'd from 
the Apogzum is found: And therefore the Di- 
ſtance of the Moon from the Node, reckon'd 
in the Lunar Orbit will be alſo known. And 
as the Inclination of the ſaid Lunar Orb to the 
Ecliptic is alſo given ; there will be found both 
the Moon's Latitude, and its Place in the E- 
cliptic, either by the Reſolution of the rectan- 
gular Spherical Triangle, comprehended be- 
tween the Lunar Orbit, the Ecliptic and the 
Circle of Latitude, or ſooner by the Tables of 
Latitude and Reduction, (of which fee Sec. 11. 
and 12. Prop. 26. where the ſaid Triangle is re- 
folv'd) whoſe uſe is enough known, and this 
Diſtance of the Moon from the Node compu- 
ted in the Lunar Orbit, is call'd the Argument 
of the Latitude. | | 

Therefore the true place of the Moon is 
found, (that is, ſeen from the Center of the 
Earth) as well in Longitude as in Latitude. 
But to find what Situation a Phenomenon of 
given Longitude and Latitude has in a given 
Horizon, that is, what Altitude and what Ver- 
tical it has at a given Time, is a Problem eaſy to 
be folv'd by the Doctrine of Spherics: for it is 
the inverſe of Prop. 26. and 27. B. 2. Now if 
the Moon's apparent Place, or that in which it 
is ſeen, be deſir d, you muſt in the firſt Table, 
(lee Prop. 27.) note the Parallax agreeable to 
the Excentricity of the Moon's Orbit and Mean 
Anomaly before known, which you muſt cor- 
rect by the Monthly and Annual W ed 

; W 


/ 
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which we ſpoke in the ſaid Prop. 27. From the 
horizontal Parallaxes find ( by Prop. 47. B. 2.) 

the Parallax agreeable to the Altitude before 
found, which being ſubſtracted from the firſt 

will have the Moon's apparent Altitude : And 

there is no other difference between the Moon's 
true and apparent place, beſides this decreaſe of 
Altitude or Parallax, and the common one a- 

riſing from the Refraction of the Rays thro” 
the Atmoſphere, of which ſee Prop. 64. and 65. 

B. 2. As for the mutations of Longitude and 

Latitude which are owing to the Parallaxes and 
Refraction, you may gather them from Prop. 
63. and 68. B. 2. erefore the Moon's Place 

is found, as well the true one, as that ſeen 

from any Point of the Earth's Surface, both in 
Longitude and Latitude. ©. E. F. 


PRroPOSITION XXXIX. 
E give a ſhort account of ſuch of the fore- 
mention'd Correct ions concerning the Moon's 
Motion as have been hitherto taken notice of by the 
Conftruftors of Tables, and ſuch of them as have 
been neglected. 


Firſt, they neglect all the Annual quations F 
or Corrections depending upon the various Di- | 
ſtance of the Earth from the Sun, which have 
been explain'd in 2 18. and 19. and conſider 
only that which ariſes from the encreas d and 
diminiſh'd Periodical Time of the Moon about 
the Earth, from the diminiſh'd or encreas d Di- 
ſtance of the Earth from the Sun; that is, which 
depends upon the Earth's Mean Anomaly. Nay, 
tho'this Inequality was obſerv'd by Tycho, Kepler, 
and Horoxius, yet they confounded it with the 
others: for by reaſon of it they were com- 
pell'd (by the nature of things) to reduce the 
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Apparent to the Mean Time in reckoning the 
Moon's Places, another way than they us d to 
do in reckoning the Places of the Sun and other 
fix d Stars; and eſpecially Tycho quite left out 
that part of the Æquation of Time which de- 
pends upon the Earth's Mean Anomaly, upon 
which alſo this Inequality of the Moon depends. 
But Kepler and Horoxius having carried the Mat- 
ter farther for their equating of Time, make 
uſe of an additional Phyſical Part, when the true 
and Aſtronomical one may be taken away, and 
ſo on the conrrary. The moſt ingenious Dr: 
Halley was the firſt that ſeparated this Inequality 
(which Mr. James Gregory ſuſpected to belong to 
the Moon, in the Schol. of Prop. 86. of his Optics) 
from the others, in a Treatiſe ſubjoin'd to his 
Catalogue of the Southern Fix'd Stars. But it is 
plain from the foremention'd Prop. 18. and 19. 
that all the Inequalities of the Moon want a 
double Annual Correction, to make them trus 
and exact. 

Laſtly, all the Monthly Aquations ariſing 
from the Aſpect of the Sun and Moon are neg- 
lected, except the Variation only. Tis true 
indeed that * of them are almoſt compen- 


ſated by others: as for Example, the Monthly 


Variation of the Limits, and the Monthly X- 
quation of the Nodes ſo take off and correct 
one another, that they may be both neglected 
in determining the Moons Latitude; but the 
Monthly Æquations of the Motion of the A- 
pogæum, and of the difference between the 
teaſt and greateſt Excentricity, and thoſe of 
che Nodes and of the Inclination of the Moon's 
Orbit to the Ecliptic, are the Baſis and Foun- 
dation of the other Inequalities, which depend 


upon the Aſpect of the Sun and the Apogzum, 


or 
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or of the Sun and the Nodes; as may be fully 
gather d from the 10, 11, 12, 13, 14 and 15th 
Propoſitions. Likewiſe the Monthly Æquation 
between the New Moon and Full Moon (of 
which we ſpoke in Prop. 16.) is neglectet. 
And thoſe Equations which affect the Moon's 
Motion, whether real or apparent, (of which 
we ſpoke in Prop. 2.) ariſing from the greater 
Diſtance of the Moon from the Earth, in the 
Quadratures than in the Syzygies, are altoge- 
ther neglected: neither is the difference of the 
Moon's diſtance from the Earth confider'd o- 
therwiſe than as ariſing from the Excentrieity 
of the Orbit; and depending upon the mean 
Anomaly ; whence alſo the Monthly Equation 
of the horizontal Parallaxes (Prop. 27.) is alſo 
neglected. 

But thoſe Equations which depend upon the 
Aſpect of the Sun and the Lunar Apogæum 
(mention d in Prop. 11: and 13.) and alſo thoſe 
which depend upon the Aſpect of the Sun and 
the Nodes (treated of in Prop. 14. and 15.) are 
conſiderd by Aſtronomers. For they are far 
the greateſt, and make up the greateſt part of 
the Inequalities of the Moon's Motion. . 

For the Conſtruction of Tables therefore, 
beſides the foregoing Equations depending upon 
the Aſpect of the Sun with the Moon's Apo- 
gzum or Nodes, an Annual and a Monthly E- 
quation (which we ſpoke of before) is to be 
conſider d. But the Equations of the Moon's 
motion, in ſeveral Lunar Tables, have Titles 

ſo different from the true Periods of theſe In- 
equalities, that it is difficult enough to aſſert 
which of them the Conſtructors conſider d and 
which of them they negleted. And ſometimes 
alſo ſome Inequalities are mix'd and confounded 
: - 2s with 
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with others: As for Example, they do not pure- 
ly deduce from the Moon's Orbit given, the 
Aquation of the Excentric (or of the Moon's 
Center) but as it were confuſedly mix it with 
the others; as with that part of the Inequality 
of the Variation that depends upon the time be- 
eween the Quadratures, which ariſes from the 
Situation of the Moon in reſpect of its Apo- 
grum; ſee Sobol. Prop. 18. But as t made 
their Tables not from known Phyſical Cauſes 
and their Periods, but only by attending to 
Obſervations ; it is no wonder if they did not 
rightly diſtinguiſh the Inequalicies from one an- 


other and diſpos'd them under foreign or leſs 


proper Titles. 
SCHOLIUM. 

1 have thought fit to ſubjoyn the Theory of 
the Moon made uſe of by Sir Iſaac Newton, by 
which this incomparable Philoſopher has com- 
paſs d this extremely difficult Matter, hitherto 
deſpair'd of by Aſtronomers ; namely, by Cal- 
culation to define the Moon's Place even out 
of the Syzygies, nay, in the Quadratures 
themſelves ſo nicely agreeable to its Place in 
the Heavens (as he has experienc'd it by ſeve- 
ral of the Moon's Places obſerv'd by the inge- 
nious Mr. Flamſftead) as to differ from it (when 
the difference is the greateſt) ſcarce above 
two Minutes in her Syzygies, or above three in 
her Quadratures; but commonly ſo little that it 
may well enough be reckon'd only as a Defect of 
the Obſervation. In this Calculation, which we 
give in the Words of the Author, he does not 
wholly mention all the Inequalities, whoſe Cau- 
fes are above explain'd, nor thoſe which are as 
yet only ſuſpected; but omitting thoſe which he 
knew wou'd take off one another, and others 


\ 
% 
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of leſs Moment, he only confines thoſe to . 


quations and Tables, that have Þe greateſt 
Force and produce the moſt ſenſible Effects. 


Sir Iſaac Newton's Theoty of the Moon. 


The Royal Obſervatory at Greenwich is to the 
Weſt of the Meridian of Paris 2. 19, of Ura- 
niburg 12. 51 30”, and of Dantzick 18. 48“. 

I put down the Sun and Moon's mean moti- 
ons from the Vernal Æquinox at the Meridian 
of Greenwich as follows: wiz. the laſt Day of 
December 1680 Old Style, at Noon, the Sun's 


mean Motion was 9ſign. 20%. 34. 46”. That of 
The 


the Sun's Apogzum 31s. 7. 23“. 30“. 
Moon's mean motion 6ſig. 1. 45. 45” That 
of the Moon's Apogzum 8ſis. 4. 28“. 5”. That 
of the aſcending Node of the Moon's Orbit 
Ffis. 24. 14. 35”. And December the laſt 1760 
Old Style at Noon, the Sun's mean motion was 
gig. 20%. 43. 50”. That of the Sun's Apogæ- 
um 3fis. 7%. 44. 30”. The mean motion of the 
Moon 1ofis. 15% 19“. 5o”. Of the Moon's A- 
um 11 ſis. 85. 18', 20”, And of the aſcend- 
g Node 4'is. 27". 24. 20”. For in Twenty 
Julian Years, or in 7305 Days, the Sun goes 
thro'2070?, ofis. o. 9. 4”. The motion of the Sun's 
A um 21. oo“. The Moon's motion 267*<". 
2 13. 3. 5% The motion of the Moon's 
pogæum rev. 3 ſig. 30. 500. 15”, Of the Node 
x*ev, ofig, 26%. 500. 15”. All the forefaid mo- 
tions are from a Point of the Vernal Equinox. 
And if from them be ſubſtracted the Preceſſi- 
on, or Retrograde Motion of the Aquino- 
Rial Point it ſelf, which has mov'd in the 
mean time in antecedentia, viz. 16“. 40”: The 
Motions will remain in reſpe& of the. Fix'd 
: 888382 vrars 


Node trrev. ofis. 27. 6. 55 


Annual Xquation of the Sun's Center, agree- 
able to any time taken out of it, be call d P, 
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Stars in 20 Fulian Years, namely the motion of 
the Sun, 19*e). 1118, 299. 56. 24. That of 
the Sun's Apogzum 4 20”. Of the Moon 
267rev. 4ſig. 13%. 17.25”. Of the Moon's A- 
pogæum 2xrev. glig, 3. 22”. 35 Of the Moon's 

According to this Computation the Tropical 
Year is of 365435, hours. 48“. 57“. And the 
Sydereal Year, of 365 das. Shours. of, 144“. 

The mean motions of the Luminaries a- 
bovementioned have ſeveral Inequalities. 

Firſt there are the Annual Equations of 
the ſaid mean motions of the Sun and Moon, 
and of the Apogzum and Node of the Moon. 
The Annual Equation of the mean motion of 
the Sun depends upon the Excentricity of the 
Earth's Orbit about the Sun, which is of 162 
of ſuch parts of which the mean Diſtance of the 
Sun from the Earth is 1000; and therefore is 
call'd the equation of the Center: And when 
greateſt, it is 15. 56. 20”. The greateſt Annu-. 
al Xquation of the Moon's mean motion is 


11. 49”. of its Apogæum 20'. and of the Node 


9'. 30“. And thoſe four Annual Æquations are 
proportionable to each other: Therefore when 
any one of them is the greateſt, the three o- 


thers are the greateſt; and when any one is 


diminiſh'd the others are alſo diminiſh'd in the 
ſame proportion: Whence if the Annual X- 
quation of the Sun's Center be given, you have 
the other 3 Equations agreeable to it; therefore 
the Table of that alone is ſufficient. For if the 


and P , 2 +4 2=R, 4 P=D, D + 


7 DDE, and D—#- D=2F; the Annual 
EÆquation of the Moon agreeable to that Time 


will 
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will be R, that of the Moon's Apogæum E, and 
that of the Node F. It is to be noted, that if 
the Æquation of the Sun's Center is to be added, 
the foreſaid Equation of the Moon is to be ſub- 
traced, that of the Lunar Apogzum to be ad- 
ded, and the Xquation of the Node to be ſub- 
tracted : And on the contrary, if the Æquation 
of the Sun's Center is to be ſubtracted, the 
Moon's Xquation is to be added, that of the 
Lunar Apogzum to be ſubtrated, and that of 
the Node to be added. 

There is another equation of the Moon's 
mean Motion, depending upon the ſituation of 
the Moon's Apogzum in reſpect of the Sun, 
which is the greateſt when the Apogzum of 
the Moon is in the Octant (or at half Right- 
angles) with the Sun, and none at all when it 
is come to the Syzygies or Quadratures. This 
Zquation, when greateſt , riſes to 3 56” the 
Sun being in the Perigzum ; but if the Sun be 
in the Apogzum, not above 3“ 34”. In other 
Diſtances of the Sun from the Earth, this great- 
eſt Xquation is reciprocally as the Cube of that 
Diſtance. But when the Moon's Apogzum is out 
of the Octants, the ſaid Æquation becomes leſs, 
and is to the greateſt Æquation (ſuppoſing the 
diſtance of the Sun from the Earth to remain the 
ſame,) as the Sine of twice the diftance of the 
Moon's Apogzum from the next Syzygy or 
Quadrature, to the Radius. This is added to 
the Moon's motion, whilſt the Moon's Apogz- 
um paſſes from the Sun's Quadrature to the Sy- 
zygy; but is taken from it, as the Apogzum 
goes from the Syzygy to the Quadrature- 


Moreover, there is another equation of the 
Moon's motion depending upon the Aſpect of 
the Nodes of the Moon's Orbit with the Sun; 

. 8883 and 
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and it is the greateſt when the Nodes are in the 
Octants with the Sun, and vaniſhes when they 
come to the Syzygies or Quadratures. This 
tion is proportional to the Sine of twice 
the diſtance of the Node from the next Syzygy 
or Quadrature, and when greateſt riſes to 47”. 
This is added to the Moon's motion, when the 
Nodes paſs from the Sun's Syzygies to his Qua- 
dratures ; but is ſubſtracted, when they paſs 
from the Quadratures to the Syzygies. 

From the Sun's true Place take away the 
mean Motion of the Moon's Apogzum * 
as was before ſhewn ; the remainder will be the 
Annual Argument of the ſaid Apogzum. Then 
reckon the Moon's Excentricity and the ſecond 
Equation of its Apogzum in the following man- 
ner;{ which alſo obtains in theComputation of any other 
intermediate «Equations : | Let T ( Fig. 27.) repre- 
ſent the Earth; T'S, a Right line joyning to 
Earth and Sun; TACB à Right line drawn 
from the Earth to the mean Place of theMoon's 
Apogzum equated as before; the Angle STA, 
the Annual Argumentofthe ſaid Apogzum ; TA 
the leaſt Excentricity of. the Lunar Orbit; 7 B 
its greateſt Excentricity. Bile& A B in C, and 
with the Center C, and Interval C A, deſcribe the 


Circle AFB ; let the Angle BCF be drawn 


equal to twice the annual Argument: TF be. 
ing drawn will be the Excentricity of the Lu- 
nar Orbit; and the Angle BTF the ſecond 
Equation of the Lunar Epogæum. In order to 
determine them, let the mean diſtance of the 
Moon from the Earth, or the Semidiameter of 
the Lunar Orbit conſiſt of -xo00g00 Parts ; its 
greateſt Excentricity TB, will eonſiſt of 66782 
of thoſe Parts, and the leaſt T A, or 43319 ſuch 
Parts; ſo that the greateſt Xquation of its Or- 
_ bit, 
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bit, namely when the Apogzum is in the Sy- 


Zygies, ſhall be of 7. 39". 30", or perhaps 
1 oo“; (for there is reaſon to (ifpea that - 
that Equation varies according as the Apogzum 
is in S or ;) but when it ſticks in the Sun's 
Quadrature, the ſaid greateſt Equation muſt be 
4. 57. 56”. and that the greateſt Equation of 
the Apogzum be of 12 15' 4”. 
Having upon theſe Principles conſtructed 2 
Table of the Æquations of the Moon's Apo- 
gzum, and the Excentricity of its Orbit for e- 
very Degree of the annual Argument, whence 
the Excentricity T Fand the Angle BT F(name- 
ly the ſecond and chief Æquation of the Apo- 
gzum) agreeable to a given Time, may be ea- 
fily taken; to the Place of the Moon's Apogz- 
um firſt equated as before, add the lately found 
Mquation, if the annual Argument be leſs than 
90 or greater than 180%, but leſs than 270%; 
but if it be otherwiſe, let it be ſubtracted from 
it. The Sum or Difference will be the Place of 
the Moon's um equated the ſecond time; 
which being ſubſtracted from the Moon's 
thirdly equated Place, the remainder will be the 
Moon's mean Anomaly agreeable to a Siren 
Time. Moreover, from that mean Anomaly of 
the Moon, and the late found Excentricity of 
the Orb, you will have (by help of the Table 
of Æquations of the Center of the Moon calcula- 
ted for every Degree of the mean Anomaly,and 
ſome Excentricities, viz. 45000, 50000, 55000, 
60000,and 65000) the Proſtaphereſis or Æquation 
of the Center of the Moon,as commonly; which 
being ſubtracted in the firſt Semicircle or 1800 of 
the mean Anomaly, and added in the laſt, to the 


Moon's Place, hitherto three times equated, 
| a =; ; > oe you 


— 


| 
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you will have the Moon's Place equated a fourth 
time. 
The Moon's greateſt Variation, namely that 


which happens when the Moon is in the Octants 


with the Sun, is almoſt reciprocally as the Cube 


of the diftance of the Sun from the Earth. Let 


it be taken of 37. 25”. when the Sun is in the 
Perigzum, and of 33“. 4. when it is in the 
Apogzum : And let the Difference of this Va- 
riation in the Octants be reciprocally as the 
Difference of the Cubes of the Diſtances of the 
Sun from the Earth, and from thence conſtruct 
2 Table of the aforeſaid variation of the Moon 


in the Sun's Octants (or of its Logarithm) for 


every ten, or fix, or five Degrees of the mean 
Anomaly; and for the variation out of the 
Octants, as the Radius is to the Sine of twice the 
Diſtance of the Moon from the next Syzygy 
or Quadrature ; ſo let the above- found Varia- 
tion in the Octant be to the Variation agreeable 
to the given Aſpect, which being added to the 


| Moon's Place above-found in the firſt and third 


Quadrant (reckoning from the Sun) or ſub- 
erated from ir in the ſecond aud fourth, 
will give the Moon's Place equated a fifth 
time. 

Again, as the Radius is to the Sine of the 
Sum of the Diſtances of the Moon from the Sun 
and of the Moon's Apogæum to the Sun's Apo- 
gæum, (or to the Sine of the exceſs of that Sum 
above 360 ſo 2. 10”. to the ſixth æquation 
of the Moon's Place, which is to be ſubtracted 
if the foreſaid Sum or the ſaid exceſs be leſs 


than a Semicircle, to be added if greater. 


As the Radius is to the Sine of the Moon's 
Diſtance from the Sun, ſo alſo let 2. 20”. be to 
a ſeventh Xquarion. Take that away when 
the 
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the Moon's Light is encreaſed, and (on the con- 
trary) add it when the Light is diminiſhed ; and 
you ll have the Moon's Place ſeventhly equated, 
which is alſo its Place in its proper Orbit. It is to 
be obſer w d, that the Equation which is here ex- 
preſs d by the Mean Quantity 2. 20“. is not al- 
ways of the ſame magnitude, but is encreas'd 
and diminiſh'd according to the ſituation of the 
Lunar Apogzum. For if the Lunar Apogzum 
be joyn'd with the Sun's Apogzum, the fore- 
ſaid Xquation becomes greater by 54; if it be 
oppoſite to it, it is as much leſs: and it varies 


between the greateſt tity 30. 14”; and the 


leaſt 1. 26”. And theſe things hold good when 
the Lunar A m is in the Sun's Syzygies ; 
but when it ſticks in the Sun's Quadrature, the 
foreſaid Xquation is to be diminiſh'd about 5o” 
or one whole Minute, when the Moon's Apogz- 
um and the Sun's are inConjundtion ; but if they 
are in Oppoſition,I can'c determine (for want of 
Obſervations) whether it is to be encreas'd or 
diminiſh'd. Neither can J affirm any thing cer- 
tain concerning the aforeſaid laid down en- 
creaſe or decreaſe of the Equation by 2'. 20% 
for want of Obſervations exact enough. 

If the ſixth and ſeventh Equation are en- 
creas'd or diminiſh'd in a reciprocal Ratio of 
the diſtance of the Moon from the Earth, 
that is, in a direct Ratio of the Moon's horizon- 
tal Parallaxis; they will become more exact. 
And that may be readily done, if Tables be 
firſt conſtructed for every Minute of the ſaid 
Parallaxis, and every ſixth or fifth Degree as 
well of the Argument of the fixth Æquation for 
the ſixth Æquation, as of the diſtance of the 
Moon from the Sun for the ſeventh, 


From 


- 
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From the Sun's true Place take away the 
mean Motion of the Moon's aſcending Node 


_ equated as before; the remainder will be the 


Annual Argument of the Node; whence its ſe- 
cond Xquation will be computed in the follow- 
ing manner: Let T (Fg. 27.) repreſent the 
Earth as before; TS a Right-line joyning the 
Earth and the San: Moreover, let TACB re- 
preſent a Line drawn to the Place of the Moon's 
aſcending Node equated as before, and ST 4 
the Annual Argument of the Nade. Let T4 
be taken in the ſame Ratio to AB as F6 to 3, 
or 184 to x. Biſſect BA in C, and with the 
Center C and Interval C A, or CB, draw the 
Circle AFB, and let the BCF, be e- 

ual to twice the Argument of the Annual Node 

und as before; and the BTE, will be 
the ſecond Equation of the ding Node, to 
be added whilſt the Node goes from the Sun's 
Quadrature to the Syzygy, and ſubtracted as the 
Node goes from the Syzygy to the Quadrature. 
And ſo you have the true Place of the Node of 
theMoon's Orbit: Whence from Tables conſtru- 
ed after the common manner, may be compu- 
ted the Moons Latitude and the Reduction of 
the Moon from its Orbit to the Ecliptic, ſup- 
poſing the Inclination of the Moon's Orbit to 
the Plane of the Ecliptic to be of 4*. 59. 35”. 
when the Nodes are in the Sun's Quadrature ; 
and of 50. 17 20”, when they are in the Syzy- 
gies. From the Longitude and Latitude lately 


found, and the given Obliquity of the Ecliptic 


of 230. 29', the Moon's Right Aſcenſion and 
Declination will Be found. | 

I put down 57. 30”. for the Parallax of the 
Moon in the Syzygies, when it is in its mean 


+ Diſtance from the Earth; 33'. 32". 32". for the 


horary 
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horary Motion; and 31. 30“. for the apparent 
Diameter. But in the Moon's Quadratures at a 
mean diſtance from the Earth, I make the ho- 
rizontal Parallax of the Moon ta be 59", 40”. 
the Horary Motion 32. 12. 2 and the appar- 
ent Diameter 3r', 3. The mean Diſtance of 
the Moon's Center when it is in Octant with 
the Sun, is diſtant from the Earth's Center about 
503 Semi-diameters of the Earth. 

I ſet down 10 for the Sun's horizontal Paral- 
lax ; and 32'. 15”. for its apparent Diameter in 
irs mean diſtance from the Earth. 

The Earth's Atmoſphere, by refracting and 
Waren the Sun's Light, caſts a Shadow juſt 
as if it was an opake Body, as far as the height 
of 40 or 50 Geographical Miles: (I call a Gec- 
graphical Mile the .60*h part of a Degree of 
a great Circle on the Earth's Surface : ) This 
Shadow in an Eclipſe of the Moon falling upon 
the Moon, encreaſes the Earth's Shadow. And 
Seconds in the Moon's Diſc anſwers to Miles in 
the Earth's Atmoſphere : Therefore the Semi- 
diameter of the Earth's Shadow projected in the 
| Moon's Diſc, is to be encreas'd of about 30 Se- 

conds, (or what comes to the ſame) in a Lunar 
Eclipſe the horizontal Parallax is to be aug- 
mented in a Ratio of about 70 to 69. 

If ſeveral Places of;the Moon nicely obſerv'd 
(chiefly about the. Quadratures) be compar d 
with the Places of it calculated for the ſame 
Time in the Theory above; it will appear whe- 
ther or no there are any ſenſible Equations 
wanting to make it more perfect. 


PRo- 


Oppoſition of the Sun and Moon 
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PROPOSITION XXX. 


O determine the time of a Mean Conj unt ion or 
next following 


any given Time. 

A mean Conjunction is, when the mean Place 
of the Sun is the ſame with the mean Place of 
the Moon in the Ecliptic : And a mean Oppo- 
ſition is when that is oppos d to this laft. Look 
in the Tables of the mean Motion of the Moon 
from the Sun, the mean Diſtance of the Moon 
from the Sun for the given Time (reduc'd to a 
Mean) whictrit it be none, or of fix Signs, then 
there will be either a mean Conjunction, or a 


mean Oppoſition ; if it be leſs, note the defect, 


(or the Arc which the Moon will run thro in 
order to overtake the Sun again if you want a 
mean Conjunction, or in order to be fix Signs 
diſtant from it if you want a mean Oppoſition, ) 
and from the-Table of the mean motion of the 
Moon from the Sun, in Days, Hours, and parts 
of Hours, gather the Time requiſite to run thro' 
that Arc; namely, by always ſubtracting from 
Arc, yet to be run thro' the next lefler Arc 
found in the Table, by marking the Time re- 


_ quired to run thro' the ſubtracted Arc, and ga- 


thering thoſe Times into one Sum : This be- 
ing added to the given time, will make up the 
Time of the mean Syzygy requir'd. 

If any Times on each ſide the Syzygies be re- 
quir'd, to the afore found Time muſt be added 
theTime of one whole Revolution of the Moon 


about the Sun; and you will find the Time of 


the next mean Syzygy. And this may be re- 
peated as often as you will, and ſo any number 
of Syzygies may be found. 


Pxzo- 
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PorosITION XXXI. 


O determine the Time of the next true Con jun- 
ion or Oppoſition of the Sun and Moon for 
any given Time. 

A true Conjunction of the Sun and Moon hap- 
pens when the Sun'strue Place is the ſame with 
the Moon's true Place corrected and reduc'd to 
the Ecliptic ; and a true Oppoſition when 
that is oppos d to this. Having found (by the 
foregoing) the Time of the next mean Syzygy 
(which need not be exactly determin'd, it be- 
ing ſufficient nearly to do it) find (by Prop. 18. 
B. 3. and Prop. 28. B. 4.) the true agreeable 
Places of the Sun and Moon, which, if either 
they fall in together or are oppoſite, the mean 
and true Syzygies will alſo coincide ; but if they 
don't, mark the diſtance of the Moon from the 
Sun, namely, that by which the Moon either has 
not yet reach'd or has paſs'd the Sun or its Op- 
poſition. But to find out the ſpace of Time, in 
which it will go thro' or has gone thro' ſuch an 
Arc, you mutt uſe the following Method: Find 
out the Places of the Sun and Moon for the 
hour before -or after that Point of Time for 
which you already have them ; by which means 
you will have the Sun and Moon's horary mo- 
tions, and conſequently their Difference, or 
the horary motion of the Moon from the Sun 
for a given Time ; that is, the ſpace of Time 
(viz. an hour) requir'd for the Moon to move 
from the Sun thro' a known Arc in the manner 
before found. And therefore, ſuppoſing the 
Sun and Moon to move equably in that ſmall 
Time that the true Syzygy may be diſtant from 
the mean Syzygy, you will have the time re- 
quir'd for the Moon to moye from the Sun the 

4 leng:h 
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length of the Arc of its diſtance from the Sun 
at the time of the mean Syzygy. That Time 
added to the Time of the mean Syzygy if the 
Moon has not yet reach'd the Sun or its oppo- 
ſite, or taken from it if it has already pas d it, 
will give the requir d Time of the true Syzygy. 

If the greateſt exactnſs be deſit d (as is done 
in the Ecliptical Syzygies) for the lately found 
Time of the true pie find again the Sun 
and Moon's Places, and if they happen to bg 
juſt rogether, or preciſely oppoſite, the thing 
is done; if not, let that time be again corre - 
Red as before ; namely, from the almoſt true 
Time of the true Syzygy already found, find 
the exactly true Time after the ſame manner as 
you found the almoſt true Time, from the be- 
fore found Time of the Mean Syzygy. 

Thoſe that make Calculations don't endea- 
vour to find the Horary Motion of the Moon 
from the Sun, agreeable to the mean Syzygy, 
after the manner that we have taught; 
take it out of the Tables, where the horary 
Motions of the Sun and Moon are ſet down 
according to the Degree of Anomaly which 
they reſpectively have; and that not amiſs in 
the Sun, but in the Moon, which is fubje& to 
fo many Inequalities, we ought to 
more cautiouſly : But a farther Correction takes 
off all Error, that may ariſe from hence. Af- 
ter the ſame manner, the Time of other 


Aſpects of the Sun and Moon may be de- 
termin d. ; 


Scr 
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Section VII. 
O the Moon's Eclipſe. 


Aving in the third Book ſpoken of the 
Earth's true motion about the Sun, to 
which the ap t motion of the Sun about 
the Earth anſwers in all things ; and in this 
Fourth Book, of the various Motions of the 
Moon ſeen from the Earth; and treated of all 
- thoſe things which appear in the Heavens upon 
the account of the Diurnal Rotation of the 
Earth about its own Axis, in the Second Book; 
it is eaſy, from what has been before laid down, 
to deduce whatſoever happens to the Sun and 
Moon. But becauſe the Zclipſes of the Lumi- 
naries are ſome of the moſt remarkable Ap- 
in the Heavens, and Aſtronomy 
owes a great deal to their Contemplation 
and Calculation and to the finding out of the 
Cauſes of them; after the manner of others 
we will treat of them by themſelves; eſpecially 
fince here occur ſeveral Speculations worthy to 
be fully diſcuſs d. To which end we muſt lay 
down ſome Lemma's for each of the Eclipſes 
concerning the apparent Semidiameters of 
the Luminaries, the Shadows of the Earth 
and Moon, &. which are commonly call'd the 
Diagramof Hipparchus, becauſe by the compariſon 
of them (which is eaſy in a Diagram) Hipparchus 
attempted to define the Magnitudes and Diſtances 
of the Luminaries; as it was before done by 
Ariſtarebus, in the Book of the Magnitudes and 
© Diſtances of the Sun and Moon, and afterwards 


by 


576 The ElzxxenTs Book IV! 
by Prolemy, in the 15th 'and 16th Chapters of 
the Fifth Book of the great Conſt rucłion. | 


PrxoPoOSITION XXXII. 


O find the Sun and Moon's Semidias 
meters agreeable to a given Time. 

Let the Sun and Moon's apparent Semidiame- 
ters be obſerv'd at any Time; and fince, from 
the Theories of the Sun and Moon above given, 
their Diſtances from the Earth, either at the 
Time of Obſervation, or at any other Time, 
are given ; theic apparent Semidiameters will 
be alſo given: For the apparent Semidiameters 
of a Spherical Body are reciprocally as its 
Diſtances from the Eye. | 

Aſtronomers make Tables of the Sun an 


Moon's apparent Semidiameters, for every De- 
| gree (or every fifth Degree) of a Luminary's 
| mean Anomaly. And moreover, as the Semi- 
diameter of a Sphere, in the ſame Diſtance 
from the Center of the Earth, is greater as it 
is nearer the Zenith, becauſe it is nearer to the 
Spectator; and the Difference of it in the 

Horizon and in the Zenith be ſenſible in the 
Moon, but not in the Sun: Therefore they 
alſo make Tables of the encreaſe of the 
Moon's apparent Semidiameter for every (or 
every fifth) Degree of the Elevation of the 

Moon above the Horizon. 


PR: 
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PeorosITION XXXIII. 

F an opake Sphere be exposd to a lucid ane, the 
whole of full Shadow (that is, the ſpace of the 
ambient Medium to „ e 
can come at) will be caſt towards tbe parts oppoſite to 
the Iucid Sphere included in the Swperficies of a Right 
Cone, whoſe Axis js 4 Right line joining the Centers 
of the Spheres, whoſe Baſe is 4 Cirele in the 2 
Sphere, dividing its enligbten d from its darken 
part: And the vertical Angle of the Triangle thro 
the Axis it nearly equal to the difference of the Angles 
under which the lucid Sphere is ſeen from the Center 


of the -”_ one, and the opake one from the Center of 


the lucid one. 2 2 
how by a Plane parallel to the Plane of the Baſe, t 
Diameter of the Circle 
made will appear from the Center of the opake Sphere, 
under an Angle nearly equal to the Interval of two 
Angles ; one of which is the aggregate of the Angles 
under which the opake Sphere is ſeen under from the 
Center of the lucid Sphere, and from the Circle of 
Shadow ; and the other, the Angle under which the 
lucid Sphere is ſeen from the Center of the opake ont: 


Fg. 28.) . 

Let there be twoS ; whoſe Centets are A 
and B, one of which is lucid and the other opake j 
draw the Right line 4 B, thro which a Plane is 
to paſs, whole common Sections with the Spheres 
are the Circles DE EG; draw DE, FG Tan- 
gents to the two Circles on the ſame ſide; at 
the Points D and E, Fand G, and let them bs 
produc'd till they meet at C, with 4 B alſo pro- 


duc d. It is plain that the whole or full Sa- 


dow, which either of the Spheres, ſuppos d opake; 
bang enlightned by the lucid one, caſts, is con- 
tain 


under a Conic Surface deſorib'd by the 
| H hh Ro- 


- 


of Shadow ſo generated d 


85 
* 2 


- 


| 
| 
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Rotation of the Right line DC about theA xis 
AB; that is, by the Surface of a Right Cone 
whoſe Axis is the Right hne ABC and Baſe, a 
Circle whoſe Diameter is the Right line DF or 
EG. To the Conic Surface I add a Cylindric 
one made when the Spheres happen to'be equal. 

From A draw Right Lines touching the Cir- 
cle GE in H and J, and let AH be produc'd 
till ic meets with C Dat K, and from B draw 
Tangents to the Circle DF in L and A. By 
Prop. 32. El. 1. the Angle 4 C D is equal to ARK P, 
taking away RAB: But (by reaſon of the 
great diſtance of the Spheres that we ſuppoſe) 


the Angle AKD is nearly equal to 4 BL; and 


therefore 4 C D is equal to A BL, taking away 
KA B. And taking the Double of them, the 
Angle FC D is equal to the Angle AHB L, tak- 
ing away the Angle IA H. | 

Let us ſuppoſe either of the Spheres, as for 
Example, E G, to be opake, and let the Cone 


of Shadow E CG, be cut any how by a Plane 


parallel to the Plane of the Baſe, and the Secti- 
on will (by Prop. 4. of B. 1. El. Conic.) be a Cir- 
cle; whoſe Diameter NO is parallel to the Right 
line D F, or EG, and whole Center P is in the 
Axis of the Cone; from which draw PD, PR 
Tangents to the Circle EG, and join the Right 
lines B O, B N. By Prop. 32. El. x. the Angle 
PB N is equal to BNE, having taken away 
BC N: But (if AN be almoſt equal to BP which 
I ſuppoſe) BNE is nearly equal tõ B PQ, and 
ic — been ſhewn, that BCN is equal to 
ABT, ta og oy BAH; and therefore PN 
is equal to the aggregate of the Angles BP 
and BAH, taking #way the Angle AB L. An 


taking the double of them, the Angle O B N 


$ "equal - to dhe aggregate of the Angles 
8 hes R, 
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R, HAI, taking away the Angle LBA. 
2. E. D. | 13 


If Eo be ſuppos'd à lucid Sphere, and D# 
an opake one, the ſame things would hold good, 


if O N and all the other Lines depending upon 
it be drawn on the other ſide of the Sphere D 
2 SCHOLIU M: 


If che Sphere D F repreſents the Sun; EG 
the Earth, reckoning as part of it, whatever 
being circumfus d about it hinders the paſſage 
of the Rays.; ECG the Shadow of the Earth 5 
and NPO part of the Moon's Ocbit: The 
Angle AB L will be the Sun's a Se- 
midiameter, ſeen from the Center of the Earth; 
BA the. Sun's horizontal Parallax: BP. 
the Moon's horizontal Parallax at | the Dis 
ſtance BP; therefore BCE the Vertical Semi- 
n Cone of Shadow is equal to the 
difference of the apparent Semidiameter and 
the Suns horizontal Parallax ; and PH N the 
apparent Semidiameter of the Earth's Shadow, 
(thro! which che Moon is to paſs) ſeen from the 
Center of the Earth, equal to the Sum of the 
horizontal Parallaxes of the Sun and Moan, 
when the Sun's apparent Semidiameter is taken 
from it. And therefore, three of theſe four 
being given, the fourth will alſo be known: 
As for Example, the Sun's Parallax, and con- 
ſequently (by Prop. 46. B. 3.) its diſtance will 
from hence be known; For the difference of 
the Moon's: horizontal Parallax and the Syn's 
Semidiameser, by Obſatvation of the Notes, be- 
lubreaRed from the Note (by Obſervation 
the Moons Echpſe) of the Earth's Shadow, 


leayes: the Sun's Parallax for the diſtance of the 
Moon, own by as: 45 Semidiameter 
2 


But 
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But if DF be the Sun, E G the Moon, and 
NPO part of the Diſc of the Earth (that is, of 
the Plane of a great Circle of the Earth, to 
which a Right line joining the Centers of the 
Sun and Earth is perpendicalar) in which che 
Shadow falls; the Semidiameter of the Sha- 
dow is from B, the Center of the Moon, ſeen 
under the Angle PB N equal to the Sum of the 
apparent Semidiameters of che Moon ſeen from 
the Centers of the Sun and Earth, ſubtracting 
the Sun's apparent Semidiameter ſeen from the 
Moon's Center. And becauſe, by reaſon of 
the immenſe diſtance of the Sun from che Earth, 
in reſpect of the diſtance between the Moon 
and the Earth, the Sun's Diameter ſeen from 
the Moon appears almoſt under the ſame Angle 
as when ſoen from the Earth, and the Moon's 
Semidiameter ſeen from the Sun is to be look'd 
upon as of no magnitude, as being almoſt ſub- 
quadruple of the Sun's horizontal Parallax ; 
the Semidiameter of the Moon's Shadow, re- 
ceiv d upon the Diſc of the Earth, is ſeen from 
the Center of the Moon, under an Angle al- 
moſt equal to the difference of the Angles, un- 
der which the Semidiameters of the Sun and 
Moon appear from the Center of the Earth. 
But if the Semidiameter of the Sun, ſeen 
from the Earth, be greater than the Semidia- 
meter of the Moon ſeen from it, the apparent 
Semidiameter of the Shadow ( ſince ic is equal 
to the leaſt, after the greateſt is taken away) 
becomes negative; that is, after the Shadow is 
terminated and ended in the Vertex of the 
Cone, the little Circle, made by the Section of 
a Cone, whoſe Vertex is plac'd againſt the Ver- 
tex of the Cone of Shadow, is ſeen from the 


Moon, under an Angle equal to the difference 
"IU NN of 


Book IV. of As8FRoNowyr. 581 


of the Angles, under which the Sun and Moon 
<2 m the Center of the Earth, But this 
little Circle is inſtead of a Circle. of Shadow, 
for it is the moſt obſcure part of the Circle or 
Penumbra, and (like a full Shadow) equally dark; 
mamely, whoſe Points, one by one, become en- 
lighten 2 as the Diſc of the Sun exceeds that of 
the Moon from the apparent Earth: For all the 
foregoing things are true of the * line ON 
drawn n C. 


proros 1110 XXXIV. 
F an opake. $ be 'd to a lucid one, befedes 
the 2 8 there will be à Penum- 
bra (that is, @ ſpace of the ambient Medium, 
all whoſe Points ſome Rays are. kept off by the 
Sphere) towards the Parts turn d from the lucid S 
included by the ſurfacr of a Right Cone, wheat: 
is the ſame with the Axis of the Shadew,, and the 
Vertical Angle of the Triangle thro the Axis is equal 
to the ſum of the Angles under which the lucid Sphere 
3s ſeen from the Cp of the opake one, and the opake 
one from the Center of the, lucid one. And if thispenum- 
brous Cone be cut any how by a Plane parallel to the 
Plane of the Raſe,the| Diameter of the penumbrous Cir- 
cle ſo generated(taking in the ſmall Circle of fullShadow 
2 2 Center, if =o be ay my * 3 the Cen- 
the — Sphere, appe ngle equal 
— ate of three _= = 07 4110 e Two 
wnder w cb the opake Sphere is ſeen from the Center 
of the 7 and from the Center of the penum- 
brous Circle, ond the Third under which the lucid 
Sphere is ſeen from the Center of the opake one. Og, 
29.) 

Things remaining as in the foregoing Prop. 
draw the Right lines DE, FG, touching the 
Circles on the alternate ſides, and crofling each 
Hhh ; - other 
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other ih the Point C of the Right line 4 B. It 
appears, char beſides the whole Shadow, there 
is alſo ptojectell about it a Penumbra on the fide 
turn d from the lucid Sphere, becauſe all the 
ſpace cotitaim d under the Conic ſurſuce, gene- 
rated by the Right line D E, producd beyond 
che vpake Sphere, and turn d round the Axis 
AB, is ſuch, chat from any Point of it ſome 
Rays of the lticid Sphere art * by the 
interpoſition of the opake one, and thefefore it 
is not ſo much enlighten'd as the Parts round 
about this · Conic Space, from 'which no Rays 
vrtich lare neareſt to the Shadow, (name - 
ly, thoſe about its middle, from which all 
the Rays of the lucid Sphere are kept off) 
are more obſcure than —— which are more 
remote; as being enlighten' d by Rays flowing 
from a. leſs part of the lucid Sphere A5 the 
Surface that circumſcribes the Penumbra, is that 
of a Right Cone, whoſe Axis is the Right line 
A3, extended beyond the opake Sphere, and 
Baſe, a Circle d d on the Diumeter D F, 
or EG. | „en ot 1 

After the ſame manner as before, draw from 
A Right lines touching the Circle G F in H 
and 7, of which AH may meet with DE pro- 
duc'd at X: And from B let Right lines be 
drawn touching the Circle DFP L and A. 
By Prop. 32. Elem. 1. the Angle 4CD'is equal 
to AK D and BAK together; but AK D is 
nearly equal ro"4BL ;"and therefore 4 CD is 
equal to 4B Land BAH together. And taking 
the double of them, the Angle Fc D is equal 
2 the Angles 1B L and IA AH taken toge- 

F EY : T1 the +7 6 


Let 


Book IV. of ASTRONOMY. 183 


Let, us ſuppoſe either of the, Spheres, as for 
Example, & C to be opake, and Jet che penum+ 


brqus Cane be cut by a Plane parallel g the 
Plane of the Baſe, and the Section will be 


Circle, whoſe Diameter NO is parallel to the 
Right line DE or EG, and h Center P is 
in the Axis of the Cone; from which, let P , 
R be drawn touching the Circle E &, andflet 
e Right lines B O, BN be drawn. - By Prop. 
32; Elem. I., the Angle PB N is equal to B NC 
and BCN together: But (if B N be almoſt e- 
qual to BP, which I ſuppoſe). B NC. is almoſt 
equal to B P 2 ; and it has been lately ſhewn, 
that BC N is equal to ABL and AH toge- 
ther; and therefotę P B N is equal to the ag- 
gregate of the three Angles, B P, BAHand 
ABL. And: taking the double of them, the 
Angle ON is equal to the aggregate of the 
A laser A HA 1, eee 


Th $CHOLIUM. 


TOE” ſhare, DF, rope gs \the ,Sun, E,G 

Bond N p O part of the Lugar Grbit; 

5 e of the Penumbra ſeen iram 

the Center of the Earth, is equal to the ſum of 

the Horizontal Pa rallaxes of tie Sun and Moon, 
and the Sun's apparent Semidiameter. 

But if the Sphere D F reprefents the Sun, EG 
the Moon, NO that 2 the Diſc of the 
Earth in which the Penum ra falls ; the Semi- 
diameter of the 8 BA from the Cen- 
thr of the Moon, appears 0 bg an Angle equal 

egate of the apparent Semidiameters 
— abe oon, ſeen from the Centers of the 
Earth and Sun, and the apparent Semidiameter 
of the Sun ſeen from the ter of the Moon; 


| and therefore {for the Reaſons alledg'd in the 
H h h 4 | | Schol, 
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hol. of the foregoing) under an Angle nearly 
equal to the n of the Semidiameters of 
the Luminaries, feen from the Center of the 
tho Earth, 408. - # ; ' 11 * . 138 
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9 J determine whether a Full- Mom to come, will 
I be Ecliptical ; and if there will be an Eclipſe, 
o define it; Species ; that is, ſhew wherber it will be 
Partial or Total ; whether it be cum mori or fine 

ord; that is, whether the Moon makes any ſtay in 
be Eayth's Shadow, or not. (Fig. 30.) a 
By Prop. 31. find the time of the true Full- 
Moon upon a' given Month, for which, (b 
Prop. 18. B 2.) find the Sun's Place, and you will 
conſequently have the Point oppoſite to it: Let 
it be expreſs'd by O, (Fg. 30.) where C re- 
reſents the Ecliptic. Find the Places of the 

oon's Nodes for the ſame Time, (of which let 
& be neareſt to the Point O) and alſo the In- 
clination of the Mpon's Orbit to the Ecliptic. 
Let che Cirple of Latitude OP meeting the 
Moon's SP in the Point P, where the 
Moon is at the time of the true Full- Moon, be 
ſappos'd to be drawn. In the Heaven of the 
Meon the circle of Shadow expreſs'd by RG, 
is conſtantly about the Center O, being a Circle 
made by the Section of the Conic Shadow of the 
Earth, by a Poſition bf the ſaid Heaven 3 
tek to the Baſe of the Cone, which if the 
Moon MH, does in part, or wholly enter, there 
Wilf be an Eclipſe; otherwiſe none. But the 
Moon comes neareſt of all to O, and therefore, 
if it is immers d in the Shadow, it is moſt of all 
immers'd, when its Center is in the Point E, 
whith the Arc of the great Circle O L, perpen- 
dicular to the Moon's Way, ſhows: Fer tie 


Point 
a 
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Point L comes neareſt to O than any other of 
the Way of the Moon, But it is plain, that 
if the Arc O L exceeds O R and LM, the - 
diameters of the Shadow and of the Mobn to- 
gether, (as in the 1fl Fig. 30. ) the Moon will 

on it its Way & P, quite clear of the Shadow. 
If OL be equal to the ſum of the ſaidSemidiame- 
ter, the Moon will indeed touch the Shadow, but 
neither enter it nor be Eclipſed. Tt the Are OL be 
leſs than the a 


the Moon and the Shadow, and yet greater 
than their Interval, Th dping Bn, the 
Moon will be Eclipſed ; but the Eclipſe will 
not be Total, but Partial of fo many Digits as 
there ate 1zth Parts of the Diameter ' of the 
Moon's Diſc immersd in the Shadow. But 


the foreſaid Are O E, be equal to the ſaid in. 


terval of the faid Semidiameter, there will in- 
deed be a Total Eclipſe, but one fire nora: For 
as foon as the whole Moon is immers'd into 
the Shadow, che Moon's Diſc touching the 
Circle of Shadow You „ Will n 
begin to emerge as the Moon goes ever ſo li 
forward. But if the Arc Ot be leſs than tl 
foreſaid Semidiameter of the ſhadow and inter- 
val of the Moon, then the whole Moon will be 
immers d into the Shadow, ſome part of the Sha- 
dow being extended beyond the Moon, (as in the 
zd fig. 30.) wheiice the Moon's Eclipſe will not 
41 Total, but laſt ſome time; that is, will 
be Total cum mora, and that more or leſs, ac- 
cording to the Quantity of the Arc O L, the 
thickneſs of the Shadow ahd Velocity of the 
No the way to find the 


quantity of the Arc 


OL, is as follows; In the ſpherical Triangle 
9 OP (K. zi.) Rectangular at O, & o, th 1 
in 4 * * * 1 4 gh: ood +: 1 nce 


ggregate of the Semidiameters of 


— — U 
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tance of the Node from the Point oppoſite to 


the Sun, and the Angle at & of the Inclination 
of the Moon's Track to the Escliptic at the time 
of Er are given, from which may be 
found the e at > and the 24 0 . 
in the 'Triangh RE beſides the t Angle 
at L, you have given the lately, Side and 
Angle, from WOT be cover d OL and 
P.L.. Bur y you mg uy and out O L from 
the Tables of the e, by taking 
it equal doe Lachnd- ber the ens of the 
Laine equa]. to KP 3.Fo For if you ſuppoſe G 
equal to G O, it is plain, that the Arc « a, perpen- 
dicular to the. Felge, is equal to the Arc O L; 
fo . a com- 
mon at Gall things are equal. Moreover, 
for mr Of ime of che Full Moon before found, the 
ent Semidliameter is (by Prep. 33.) given, 
and {by e Prep 23.) th arent Semidia- 
er of the ſhadow of the where the 
goes thro it; and therefore the Sum or 
Difference of che Semidiameters of the Shadow 
and of the Moon, may be compar d with the 
before · found Arc OTL, and from it find out of 
What kind the Moon's, Eclipſe will be, accord- 
ing to what has been above demonſtrated. 
Commonly by the ſhadow of the Earth, the 
total ſhadow is only meant; for that alone 
takes away all the Lizhe of the Moon, becauſe 
no. rays of the Sun can come at it: Neither 
does the Moon appear to us, Inhabitants of the 
Earth, to be Eclips d, unleſs that happens. But 
the Moon does truly begin to be Eclipsd as 
ſoon as it enters into the Earth's Penumbra, be- 
cauſe in that caſe it is leſs ten d, the opake 


Earth intercepting ſeveral of the Sun's Rays. 
But the effects of the Earth's Penumbra itſelf 


upon 
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upon the Moon, are manifeſt to us Inhabitants 
of the Barth. Hence it happens, that , when 
the Moon is about to be Eclips d, it firſt grows 
dull and pale, eſpecially in that part of it which 
is near the Shadow. For (as it has been zx- 
—44 in tlie r8th Prop. I I.) before the whole 
un be cover 'd from any part of the Moon; that 
is, before the Moon comes to the whole Shadow, 
rt of the Sun is intercepted from it by the 
Earth, and the greater part of the Sun, by its 
Lib, * which-is — to the total Shadow : 
But che __ does wr} _ Moon 
more.\clearly, part of it e | 
part.dfiic mort than the leſſer. - If therefore we 
ſpeak of ſuch an Eclipſe of the Moon, inftead 
of the whole ſhadow of the Earth fof Which a- 
lone we: poke above) you muſt take the Pe- 
numbra, „ 116 open will ws found by | 


Lars 46. +. of 


'Y , 


n ng 


Hence withthe Moon's Ecliptzc Terms (as they 
call em) be deſm d. For if O L be lefs than the 
ſum uf the Semidiameters of the Shadow and of 
the Moon; there will at leaſt be ſome Eclipſe. 
* herefore in che Triangle ER „ having —— 

e R Angle at L, the e La O, and the 
Side N to the ſaid 125 of the Semidia- 
meters, the ſide 60 will be found, namely the 
diſtance of the Moon from the Node rec ond 
in the Ecliptic; which if it be ſuch, at the time 
of the true Full- Moon, the Moon will paſs by 
the Shadow without any decreaſe of its Light: : 
But if at the moment of the ſaid Full- moon the 
Moon's diſtance from the Node be leſs than the 
above-found Arc 8 O; the Moon will ſuffer 
ſome Eclipſe ; But by reaſon of the ſmallneſs of 


the 


* | [ * 
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the Angle at & and of the ſides of the Triangle 
ao, OP differs very little from O L, _ 
therefore the Ecliptical Terms may faf 
nough be plac'd in it, when at the time the 
true Full-Moon, the Latitude is equal to the 
ſam of the Semidiameters of REIN WRT 
Gy 


41 


1 


_ 
wen TCD, the fidesC B, 1 — 
with the Angle CB D, which they contain, 


roy © given, you haye alſo the fide C D, and 
EK. But the B PE is given, 
— C DE will alſo be known. More- 
over, in the Triangle C D E, the ſides CD, DE, 
and the An C DE being given, the Is 
CED will alſo be known. . v, if in the Tri- 
ADE, the Angles ADE and AED to- 
gether with the ſide DE be 3 the Angle 
A will be found. F-4 


PRO: 
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| ProrosrITION XXVXVI. | 
HE Inclination of the Moon's Orbit to the Ecli- 


ic, and the p Motion of the San and 

Moon being given, to find the Inclination of the Moowi's 
Way from the Sun to the Ecliptic, or to the Circle of 
Latitude, agreeable to a given diſtance of the Moon 
from the Node. | Fig. 33-] 
It has been ſhewn, in the foregoing 


* 


15 
tion, how the Inclination of the Moon's abſo- 
lute Way, or of its Orbit to the Ecliptic may be 
found for a given Time. But for calculating 
the Eclipſes of the Luminaries, you muſt know 
how the Moon's Way from the Sun, or from a 


Point oppoſite to it, is at that time inclin'd to 
the Ecliptic ; and the motion of the Moon from 
the Sun is to be conſider d as if the Sun ſt ood 
unmov'd, or rather as if the Sun, after having 
mov d a little way, ſhou'd be drawn back to its 
old Place, and the Moon alſo as much in lines 
parallel to each other. In ſuch à caſe it ap- 
pears, that the Way which the Moon going from 
the Sun enters into in the forementioned ſenſe, 
is different from the Moon's abſolute Way, 

and differently inclin d to the Ecliptic. 
In order to find this Inclination, let SC re- 
preſent the Ecliptic, LB the Moon's abſolute 
Way, & the Node. Let S be the Sun, or any 
other point of the Ecliptic, having a given 
diſtance from the Sun, L the Moon's Place, 
and its Latitude L A. In a ſmall part of Time 
(as for Example, an hour or two) let the Sun 
be ſuppos'd to have mov d from & to , and the 
Moon from L to a. Now ſuppoſe that the Sun 
be drawn back from „ to S, and the Moon be 
as much drawn back, viz from L to a, along 
the Right line al, equal and parallel to A. ; 
* 
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draw the Arc LI, which will be the Way which 
the Moon, mov'd from the Sun, goes thro', 
tko its abſolute Way be the Circle L B. To de- 
termine that Way L, there are given LA the 
Latitude of the Point L given in the Moon's 
true Way, and Ja the Latitude of the Point /, 
which is the ſame as 4a, the Latitude of the 
Point a, alſo given in LB, the true and abſolute 
Way-of the Moon; becauſe its Diſtance! L, 
from the given Point L, is given; namely, the 
Way of the Moon, gone thro in a given Time; 
for 4s, the difference of Longitude is given, 
namely, the Exceſs of the given 4« above 24 
or Se; and therefore (by the foregoing Lemma) 
will have —_ the Angle between LI, the 
n's W the Sun, and the Ecliptic; 
and the Angle Llz, comprehended between 
the ſaid Way and the Circle of Latitude, «1. 
L. E. F. e 


5 COROLLARY Ft 
By how much leſs the motion of the ; 


from the Sun is, by ſo much (ceteris paribus) the 
Angle between the Ecliptic. and IL is greater 
for, A remaining the ſame, it is plain that by how 
much LA js leſs, by ſo much the Angle LI is 
greater: And by how much the Point L is 
nearer to the Node, by ſo much (cæreris paribys) 
will the Angle between L and the Eeliptic be 
greater z' jor by how much L is nearer to g, by 
_ fo much will aL, a little part, canſdend as 4 
Right line, contain a greater wich 8 C, 
and therefore it will hold much more in : But 
the Angle J L is alſo greater, becauſe *] is e- 
very where parallel to . hy e 


Sc Ho- 


— 
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K |  SCHOLTUM. „ Seht Ib. „en 
Aſtronomers conſtruct Tables of thoſe An- 
gles, which tlie Moons Way from the Sun com- 
prehends with the Ecliptic, according both to 
the various horary motion of the Moon from 
the Sun, and to the Moon's diſtance from the 
Node, that the Way of the Moon through the 
Shadow of the Earth, or that of the ow 
of the Moon, over the Diſc of the Earth, may 
be readily and eaſily determin d. They calcu- 
late theſe Tables, for every-minute of a Degree 
of the Exceſs of the Moon's, motion, above 
the Solar, in one hour: But as they ſerve chiefly 
for Eclipſes, the Tables of them are only car- 
ried on ſo far as ſuch a diſtance from the Node, 
in which the Moon may run into the Earth's 
Shadow, or project its own Shadow on any part 
of che Earth. Sy | 


Pe 
* 
23 


PzoPos1TION XXXVII. | 

"TO determine the Aan or Middle Time of 4 
Lunar 34). happening in a given 
yt © -» Ir ade "OR 
5 K repreſent the Ecliptic, as before ; 
E the Way of the Moon from the Sun, found 
by the foregoing Prop. for 'the mean Eclipſe, 
(if you will have it as it wou d be for the whole 
Time of the * which may be done ſafe 
enough; otherwiſe you may work more exactly 
by often finding that Way of the Moon from 
the Sun ;) the Node next to it; DRCG the 
circular Sełtiemi. of the Shadow of the Earth, 
made by the Heaven of the Moon, which the 
Moon in its Eclipſe runs into; whoſe Center 


or rather Pole is O. Round the ſame Pole or 
Center O, deſcribe another Circle 4 F B exte- 
oy 
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rior to the Circle of Shadow, in ſuch manner 
that Ac, the diſtance berween their Circum- 
ferences may be equal to the Moon's a t 
Semidiameter. Let theſe Circles meet with the 
Moon's Way in , N, 4, B. If & E does not 
cut et 4 FB, , there 15 be 2 * eld 
b the rorego P r A, 0 res 0 
great Circles, ws, ki Spe oy Bet ſ 
Sh the Circle DCG, at C and D; and OP, 

Circle of Latitude, meeting with the M <2 8 
Way at P before. If thro' O be drawn 
ORF, an { Tag of -a great Circle, perpendicular 
to che Circle E, meeting it at L; 222 
1275 LA, and the Arcs LA, LN will ( by the 

of Sp 1 be ual. Therefore the Moon 
hich Go ſuppoſe * move equably at the 
= the Eclipſe) takes up as much time in 
from 489 as from L to B. Let Cir- 
des awn round the Centers or 
Poles A - _ diſtances AC, AD, which 
will rig ghrly repred repreſent the Moon (becauſe AC is 
to OC as ter of the Moon to the 
Lr of the Shadow) and will touch 
the Circle DCG, namely, at C and D. When 
the Moon's Center is in the Point A, the Moon's 
Eclipſe begins, (becauſe the Limb of the Moon 
5 the Limb of the Shadow at C.) and that 
Center being come on to B, the Eclipſe ends 
for the ſame reaſon; and therefore the Mean of 
that Eclipſe happens whilft the Moon's Center 
is in the Point & namely, nearly that in 
which when the Center is, the Moon will be 
moſt immers d in the Shadow, s has been 
ſhewn.in the foregoing Prop. We ſhall likewiſe 


ſhew, that at the time in which the Moon's 
Center comes to the Point L, in Total Eclipſes, 
will be che middle of the whole Obſcuricy, 


when 


* 
Frhr. wn“. LIE 
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when the whole Moon is immers d in Shes 
2 or, in a Word, it is the middle of the paſ- 
ge of the Center of the Moon from Nt Tra 


— N L is equal to E The place 
Node and the 1nclination- of che Limits, are 


look'd upon 2 not only by rea- 
ar time of the duration of Je E. 


ſon of the ſmall 
clipſe, but becauſe when the Nodes are in the 
SyZygies with the Sun, theſe are truly unmov d, 
by Prop. 14 and 15. Therefore the Problem 

returns to this, viz. That the Time is to be de- 
termin d 8 os ere $ bar pet 15 found at 
L. For doing pt which, you mult. (by Prop. 31.) 
find the Time o thetrue Oppdofition ; that is, the 
time when the center of the Shadow will beat O 
and the Moon at P; unleſs theſe two cointide, 
which happens when in the time of the true Op- 
poſition the Sun is in one of the Moon's Nodes,. 
in which caſe OA, and OP, vaniſn: But alſo the 

magnitude of the Arc L P, has been found in the 

foregoing Fra By the reſolution of the Tri- 

angles QOP; OLP. Therefore the time re- 
au galt d for-the Miabn to run chro PZ muſt be 
ound, and not only P L but PL beyond 
5 Sun's motion in the Ecli 
alles from the true Op 


ob (for hid the 

poſition to a 

2 «Ks Orbe; next to the center of the Sha- 
dow, or from this Point to that true Oppoſi- 
tion, the Sun, and conſequeneiy its oppoſi: e 
Point, which is the center of the Shadow, goes 
on in the Eclipdcz ) which is done by fin ing 
the Horary Motions of the Sun and Moon 4 
greeable - the time of the Eclipſes of che Sun 
and Moon, and from thence their differences 
agrechble to the time of the Moon's Horary 
Motion from the Sun, as in the 31ſt Prop. when 


” II you will er the Time requir'd for 
| the 
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the Moon to move from the Sun thro* the 
known Arc LP. By the inſpection of the Fi- 
gures adapted to the reſpective Caſes, it is plain, 
that he Time in which the Moon's Center is in 
the Point L, near to the Center of the Shadow, 
goes before the Time of the true Oppoſition, 
when the Moon is come to P, in the preſent 
caſe ; that is, when the Moon has juſt paſs d the 
aſcending Node, which obtains alſo when it has 
juſt paſs'd the deſcending Node: But when the 
Moon is not yet come to the Nodes, the Time 
of the mean Eclipſe is after the'Time'of the 
true Oppoſition : Whence it is plain, when the 
Time between the true ' Oppoſition: and the 
mean Eclipſe is to be added to the Time of the 
true Oppoſition; and when it is to be ſubſtract- 
— _> it, to make up the Time of the mean 

clip 1 %% n 2 

Aſtronomers commonly make Tables of the 
Time in which the Arc LP is run thro', to be 
added or ſubtracted from the Time of the true 
Syzygy, to make the Time of the mean Eclipſe, 
or of the greateſt Obſurity. That Time varies 

according to the different” Velocity of the mo- 
tion of the Moon from the Sun, and the diffe- 
rent diſtance. ffom the Node. They continue 
3 * N as thoſe — i — — 
ore in the Schal. Prop. 36. for every degree of 

the Ecliptic — xo Ane © 
PROPOSI TIN XXXVIII. 
# iy O determine'the Time of the Beginning and End 
1 of the Eclipſe of the Moow that happens in a 
given Month, and alſo of the whole immerſion of the 
Meon into the Shadow-; and from thence' alſo *deter= 
mine the Duration, as well of the while Eclipſe as of 
the whole Darkneſs, | Fig. 35:] 


Things 
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Things being as in the fo except that 
i the firſt Fix. 35. the Moon in its Eclipſe is 
aue to * ech Patio the Jr ode 
and it ap begins wien 
ter ebe 110 14550 f f ** Moon's Lim 
— . che Limb of the Shadow at C, 2 DY Prop. 
4 of the 2d 70 of Theod. Therefore in the Tri- 
angle A LO, ar at L, you _ 92 
fides the Ri he Angle, che n 
namely, the ſum of the Semũdiameters of nd 
Moon and of the Shadow, and OL the leaff 
diftance of the Center of the Shadow from the 
Center of the Moon, found EN 35. Thete- 
fore the Are AL will be conſe uent⸗ 
iy the Time requir d for the e rock (by the ex 
ceſs of its Motion above the Suns Koro to 
go thro it; that is, half the duration of the 
whole Eclipſe. But the Time of the mean 
Eclipſe is known by the — ; therefors 


irs Beginning wid £04 þ Foow 
BO of ths whos 
ſhadow of t 


en Yet 10 mY 
24 E 4 where the We s Ecli 1 
3 By: 4 1155 goes towards the 12 11555 


Node and — 47 the Circle AFB be within 
the Circle of Shadow CDG; a Circle dtawn 
with the Diftance 4 C aboutche Center A, will 
(by Prop, 3. B. 2 of Theod.) touch CG D wichin, 
and therefore will rightly repreſent the Moon 
g on in its proper Way, as ſoon as it is all 
Sed! inte the Shadow GC D. To find the 
Point of aß when the Centet᷑ of the Moon is 
in 4, You tny iven in te [nap 20g Triangle 
41.8, the ke 0 7. (by Prop. 35.) and G 4, 
which by conſtructibn is * to 24 difference 
of the Semidlameters of the Moon and of the 
Shadow ; therefore the Arc 4 L of the Moon's 


Iii a Way 
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Way to be run thro by the Moon's motion a- 
bove that of the Sun, (from the time that the 
whole Moon is immers d into the Shadow, un- 
til the middle of the Eclipſe) will be known. 
Therefore from knowing the motion of the 
Moon from the Sun agreeable to a certain Time, 
(wiz. an Hour,) at the time of the Eclipſe, you 
will know what Time muſt be taken up that 
the Moon (by the exceſs of its motion above 
that of the Sun) may run thro the Arc AL; 
that is half the duration of the whole Darkneſs. 
But by the foregoing Prop. the moment of the 
middle Eclipſe is known, whence, the Begin- 
ning and End of the, total immerſion of the 
Moon into the ſhadow of the Earth, will be 
known. 2. E. F. e 4 

; SCHOLIUM _ 

In the trigonometrical reſolution of the Tri- 
angles O L P, ALO; BO, as allo of the Fi- 
gures LIN, AL, in the foregoing Prop. they 
may be look d upon as ReQilineal, (which alſo 
often happens) by reaſon of the ſhortneſs of 
the ſides : For ſo ſmall a Portion of a Spherical 
ſurface may ſafely be look d upon as Plane. 


| PzxoPosTTION XXXIX. 

O define the Quantity of an Eclipſe happening at 
1 4 > Month, as well in . nah =; 
any other Time. | Fig. 36.] ] 8 "4 

Things being as before, the Figure repreſent- 
ing the Moon's Eclipſe, which 44 a little 
after ic has paſs d the deſcending Node, we muſt 
find the quantity of a middle or mean partial 
Eclipſe. Let the Diſc of the Moon in the mid- 
dle of the Eclipſe drawn about the Center C, 
(already often determin'd) cut the Right line 
noe: 1,-3.4 a9 <1 ES 


* 


. * 
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OR at the Point M. Having then, (in parts of 
a great Circle in the Celeſtial Sphere) OR, the 
Semidiameter of the Shadow, and by Prop. 35. 
found the Arc OL, which is the leaſt diſtance 
of the Center of the Moon from the Center of 
the Shadow in the ſame Parts ; you will have 
(by Exc. Dat. 4.) LR, the difference of thoſe 
Arcs: But LM, the Moon's Semidiameter is 
is given; whence (by Dat. 3.) MR, the ſum of 
them is alſo given in the ſame parts ; and there- 
fore (by Dat. 1.) the ratio to the Moon's whole 
Diameter M H, alſo known in parts of a Circle: 
And MR is part of the Diameter of the Moon 
darkned in a mean Eclipſe ; therefore the ratio 
of the darkned Parts Diameter to the whole Di- 
ameter is given, and conſequently the number 
of Twelfths and parts of Twelfths of the dark- 
ned Diameter. GP 

After the ſame manner may be found the 
Quantity of an Eclipſe for a given Time, ſeen 
either before or after the true Full-Moon. Ha- 
ving by the foregoing method found the Moon's 
horary Motion from the Sun, the Arc of the 
Moon's diſtance from the Point P will be deter- 
min'd, in which Point the true Full- Moon is. 
Let it be PS; therefore the place of the Moon's 
Center for the given Time is S. Draw the 
Arc OS, meeting with the Moon's Diſc at M 
and H, and the Circle CDG at R. In the Tri- 
angle & OP, you have beſides the Right Angle 
at O, the YO, and the Angle OP; whence 
you will find the fide OP (already defin d) and 
the Angle OP . Again, in the Triangle 
DPS, you have the two ſides PO, PS, and 
OPS, the Angle which they contain; whence 
you will alſo have the Arc OS, and conſe- 
quently the difference ras itand the * 
on? | i1 3 rc 
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Are 8 M, namely O M: But O & is given, and 
conſequently MR che difference of OR, O M; 
and all theſe in parts of a Cirale as before; and 
t „as in the. ng caſe, the Quan- 
tity of the Eclipſe in T and parts of 
Twelfths. 

If MR exceeds the Moon's whole Diameter 
(Fig. 37.) the Eclipſe ſaid to be of ſo many Di- 
git: as MR contains raths of the Moon's Dia- 
meter; but improperly, becauſe ſtrictly ſpeak- 
ing, the Moon cannot be Eclipſed more Digits 
than its Diameter contains; but MR is made 
up of the Moon's Semidiameter MAS and & R, 
the leaſt diſtance of the Center S from C DG, 
the margin of the Shadow, which (by Elem. 
Spheric.) - > ———_ a great Circle joining the 
enters O and S. | 


COROLLAXTI. 


Hence may eaſily be determin'd the Places 
of the Earth, from which a given Phaſis of the 
Moon's Eclipſe may be ſeen. For ſince by this 
Prop. the Place of the Eclips'd Moon for that 
Phaſis is given, and the Hour is a given Place 
of rhe Earth; you will (by Corol. 36. B. 2.) have 
that Place of the Earth, to which the Mooon is 
2 and all the Places, which are diſtant 

rom it leſs than a quarter of a Circle, will ſee 
it; thoſe which are farther diſtant, will not/ſee 
it; thoſe which are juſt at the diſtance of a 
Quadrant, will ſee it in the Horizon. 


COROLLARY 2 
By helpof the three laſt Propaſitions you ma 


exactly draw a Scheme of the Moon's Eclipſe 
upon a Plane. For ſince ſo ſmall a part of t 
Heaven of the Moon, as the Shadow (or even 


the 
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the Penumbra) of the Earth, together with the 
Moon touching it at the beginning of the E- 
clipſe, may ſafely be taken for a Plane: Having 
drawn Right lines, which croſs one another in 
an Angle equal to that which the Way of the 
n contains with the Ecliptic, repreſenting 
thoſe Circles, and the next Node by their con- 
courſe; in the Right line which repreſents the 
Ecliptic, take a Point diſtant from the common 
concourſe of the Right lines, ſo many equal 
parts of\any kind, as the parts (as for Example, 
Minutes) are of the Circle, which meaſure the 
Diſtance of the Center of the Shadow, or Point 
oppoſite to the Sun from the Node; on that 
Center deſcribe a Circle repreſenting theEarth's 
Shadow, taking for the Semidiameter of it as ma- 
ny of the equal parts taken before, as the Semi- 
diameter of the Shadow takes up Minutes in the 
Heavens; drawing Right lines from that Cen- 
ter dicular as well to the Ecliptic, as to 
the Moon's Way, you will in the Moon's Way 
have the Points of the true Full-Moon, and of 
the middle Eclipſe. If with the ſame Center, 
both within and without that Circle of Shadow, 
you draw two other Circles diſtant from the 
firſt, by the ſpace of ſo many equal parts taken 
before, as the Moon's apparent Semidiameter 
has Minutes; the interſections of thoſe Circles, 
with the Right line repreſenting the Moon's 
Way, will, in the Scheme, ſhew the Points in 
which the Moon's Center is, at the beginning 
and end of the Eclipſe, and of the total Obſcu- 
rity. Moreover, as the horary Motion of the 
Moon from the Sun, and the number of Hours 
in à given place, at the time of the true Full- 
Moon, and alſo of the Ecliptic, in its begin- 
ning, middle, and end, by the foregoing Pro- 
| 1114 pPoſition; 
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tion ; the Right line, which repreſents the 
oon's Way, will be divided into equal parts, 
which will be mark'd by numbers which denote 
the Hours, reckon'd in a given Habitation, in 
which the Moon is in homologous Points of the 
Heaven. And the Phaſis of the Eclipſed Moon 
happening at any time, will be made very vi- 
ſible, if from a point in the Moon's Way, 
(mark'd with the number of the given Time) 
for your Center, you draw, with an Interval 
repreſenting the Moon's apparent Semidiameter, 
a Circle: This Circle, by that part which it 
has within the Circle repreſenting the Shadow, 
will repreſent the Eclips d part of the Moon; 
and the part which ſtands out of the Circle of 
Shadow, (if any part does reach out of it) 
will ſhew the enlighten'd part: Therefore the 
Ecliprical Digits ſhew themſelves, as alſo the 
Ratio between the whole Diſc of the Moon 
and its bright part (if it has any; ) namely, the 
difference between the two Segments of the 
given Circles, which 13 evident from the dimen- 
ſion of the Circle, 
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SECTION VIII. 
Of the Sun's Eclipſe. 


T TAving thus ſpoken of the Lunar Eclipſe, 
| we come now to the Solar one. And 
firſt we will ſpeak of it univerſally, and conſi- 
der the Moon's Shadow falling upon the Earth, 
and how it might truly and properly be called 
an Eclipſe of the Earth: For in this Eclipſe the 
Earth does the ſame as the Moon in the Lunar E- 
clipſe deſcribed above,and theMoon does in this 
caſe, what the Earth did in that. Afterwards we 
will conſider this Phænomenon of the Eclipſe of 
the Earth, as the Moon covers ſome part of the 
Sun from an Inhabitant of the Earth, immers'd | 
in the Moon's Shadow and looking up to the , 
Heavens, in which part the Sun appears to be 
Eclips'd for that reaſon ; whence this Phzno- | 
menon has been call'd an Eclipſe of the Sun. 


PrxoeosITION XL LEMMA. 


| Tf the apparent Diſtance between the Sun and the 
Moon, ſeen from the Center of the Earth, be e- 

qual to the Moon's horizontal Parallax ; and you en- 

creaſe it by the. Sun's borizontal Parallax, it will be 

equal to the diſt ance between the Center of the Earth, 

and the Center of the Moon's Shadow, receiv d 

the Diſc of the Earth, ſeen from a Point where a 

Right line joining the Centers of the Sun and Earth, 

meets with the Moon's Heaven : And proportionally, 

4 — ** of the Sun and Moon be greater or leſs. 

| Fig. 38. 

[ 42 Earth's Center be 7, the Sun's S, 78 = 

a Right line joyning the Center of the Sun and J 
6 to 755 | Earth, 
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Earth, DT a perpendicular to the Diſc of the 
Earth, meeting the Moon's Heaven at A. Let 
L be the ns Orbit, in which L is the 
Moon; &@ M the Ecliptic; LM the apparent 
diſtance of the Sun and Moon, ſeen from 7, 
equal to the Moon's horizontal Parallax. Let 
SL be drawn and produc d, till it meets wich 
the Earth's Diſc DT at V, where the Center of 
the Moon's Shadow, receiv'd upon the Diſc of 
the Earth, is. I fay that the Angle TMY is 
equal to STL, which is the Sum of the appa- 
rent diĩſtance of the Sun and Moon, and the 
Sun's horizontal . Parallax. Draw LR parallel 
to MT, and join MR; Becauſe the Angle 
T MY is equal to the Angles TMR and, R MY 
taken together, and the Angle TR (byProp.2g. 
El. 1.) is equal to LRA, Are | 
of the nearneſs of the Points R T) LTM 
and R MY for the ſame reaſon / is equal to RL, 
or (by Prop. 29. Rl. 1.) to LSI; TMYV will be 
equal to the Angles LTM and LS M taken to- 
Moreover, becauſe the Angle LTM 
is ſuppos d equal to the Moon's horizontal Pa- 
rallaxis, and L the Moon; the diſtance of the 
Points L and MA will be equal to the Earth's Se- 
midiameter ; (for the Moon's horizontal Paral- 
lax is the Angle under which the Earth's Semi- 
diameter is ſeen, at a diſtance equal to the di- 
ſtance of the Earth and the Moon) therefore 
the Angle LS M is nearly the Sun's horizontal 
Parallax (namely, the Angle under which the 
Earth's Semidiameter appears at the diſtance of 
the Sun from the Earth, that is, almoſt at the 
diſtance of the Sun and Moon) and the Angle 
LTM is the Diſtance of the Sun and Moon ſeen 
from the Center of the Earth. And therefore 
the Angle TMV is equal to the diſtance of the 
| un 
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Sun and Moon, ſeen from the Center of the 
Earth, together with the Sun's horizontal Paral- 

After the ſame manner, if the Arc LM be 
* — to half, or one and a half, or twice the 

oon's horizontal Parallaxis; the Angle T MV 
will be equal to LT M, and a half, or one and 
a half, or twice the Sun's horizontal Parallaxis. 
2. E. D. | 


Poros ITI VMI. 
O determine whether the Neu- Moon of a Month 
ſhall be Ecliptical, that is, whether in any part 
the Earth the Sun will appear to be partially or to- 
tally Eclips d ; and if there is to he an Eclipſe, to de- 
termine its kind. | Fig. 29.,] 
. Let DCG repreſent the Earth, in which the 
Poles of the Diurnal Revolution are P, and the 
latent Point oppoſite to.it. Let the Hemiſphere 
in the Figure, be that which is enlighten d 
the Sun; and therefore the Circle DC G, who 
Center is T. will divide the enlighten d from the 
darken'd Hemiſphere, whoſe P is the Diſc 
of the Earth. Let the Shadow of the Moon, 
caus'd by the Sun, be ſuppos'd to fall on the 
-Planevf the Diſc of the Earth: The Figure of the 
Shadow ſo receiv d will be circular, as HM ha- 
ving for its Center; becauſe the penumbrous 
Cone is right, and its Axis nearly perpendicular 
to the Plane of the Diſc ; for we ſpeak of ſuch 


a caſe as is but very little diſtant from 7, be- 


cauſe it is only in that caſe that the Moon's Sha- 
dow can reach the Earth; that is, that ſome ſort 
of Eclipſe of the Sun may happen. In the Cen- 
ter of it there is a little Circle altogether dark 
if the Moon's total Shadow reaches ſofar: The 


remaining Crown round about is penumbrous 
or 


. 
ö 
4 
: 
: 
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or almoſt dark, thoſe parts of it being darkeſt 
which are neareſt to the aforeſaid ſmall Circle, 
by Prop. 34. It is plain, that if the Penumbra 
does not touch the Earth, there will not be an 
Eclipſe in any part of the Earth: If ſome part 
of the — be immers'd in 9 5 
will (properly ſpeaking, as we fai ore, o 
the \ ſaffer ſome Eclipſe; or the Sun will, 
by reaſon of the Interpoſition of the Moon, 
appear to be Eclips d, to the Inhabitants of that 
Tract of Land. But it is plain, that the Sha- 
dow reaches the Earth, if the Circle HM cuts 
the Circle DCG; otherwiſe it does not, becauſe 
DCG is a great Circle of the Earth. | 
Now, to know if, on the New Moon of a 
given Month, the Circle H M will cut the Cir- 
cle DCG, you muſt ſuppoſe that Hemiſphere af 
the Earth which is enlighten'd by the Sun, and 
the penumbrous Circle to be ſeen from an Eye 
plac'd above, in that Point, where the Right 
line joining the Sun's and the Earth's Centers, 
meets with the Heaven of the Moon ; in which 
caſe that Hemiſphere, tho' it be convex, will 
appear as the Plane of a Diſc, as it hap 
when we look at the Moon, the diſtance of the 
Eye naturally taking off the Convexity. The 
Ecliptig, upon the ſame account, will appear 
like a Right line, viz. & TX, when the Eye hap- 
ns to be in its Plane: And becauſe the Eye is 
ut a little way off from the Plane of the 


| Moon's Orbit, the Moon's Orbit, receiv'd upon 


the Diſc, or rather the Way of the Center of 
the Circle of Shadow ; that is, the Line which 
it deſcribes in that Plane of the Diſc of the 


Earth, will alſo be a Right line; namely, J. 
From 7, the Center of the Earth, 'draw T7? 
perpendicular to 881, and “ will be the —_— 
( 0 
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of all the Points of & / to the Center of the Earth. 
Therefore if the penumbrous Circle H M does 
at all reach C DG, the Earth's Diſc, it will reach 
it when its Center is in /: For in any other 
Point theſe Circles are farther from each other. 
And for the ſame reaſon, if HM reaches CDG, 
it will moſt of all run into it when the Center 
of the penumbrous Circle is come to V/. But it 
is plain that the Circle HM does not touch 
DCG, if when the Center of HM is come to V, 
VT exceeds TR and VM taken together: But 
(by the foregoing Prop.) when the Place of the 
Eye is ſuppos d as above TV, it appears under an 
Angle equal to the Diſtance of the Sun and the 


Moon, ſeen from the Center of the Earth, aug- 


mented by an Angle which is to. the Sun's hori- 


zontal Parallax, as the ſaid Diſtance of the Lumi- 


naries to the Moon's horizontal Parallax; and 
TR appears to the ſame Eye under an Angle e- 
qual to the Moon's horizontal Parallax; and VM 
(by Schol. Prop. 34.) is ſeen from-it under an Angle 
7 to the 2 te of the Semidiameters 
ol the Sun and Moon, ſeen from the Center of 
the Earth: If therefore, when the Center of 
the penumbrous Circle is come to V, the diſtance 
of the Luminaries, ſeen from the Center of the 
Earth, augmented by an Angle which is to the 
Sun's horizontal Parallax as the ſaid Diſtance of 
the Luminaries is to the Moon's horizontal Pa- 
rallax, be greater than the aggregate of the 


Moon's horizontal Parallax, and the Semidiame- . 


ters of the Luminaries; it is plain, that in ſuch a 
caſe there will notbe an Eclipſe of the Sun in a- 
ny part of the Earth. And as in the New-Moons, 
in which there is a Suſpicion of an Eclipſe, or 
in thoſe in which H M touches DCG, the appa- 
rent Diſtance of the Luminaries is ſeſquialter 


(or 
# 
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(or as = t) to the Moons horizontal Parallax, 
(namely 7 is ſeſquialter to TN) when YM the 
aggregaco the apparent mean Semidiameters 

che Luminaries, is as it were ſubduple of TR, 
the Moon's Mean horizontaF Parallax ; there 
will be no Eclipſe on the whole Earth, if the 
Center of the Circle HA, being come to /; 
che diſtance of the Luminaries, cen from the 
Center of the Earth, encreas d by one and 2 
balf of the Sun's horizontal Parallax, excceds 
the Sum of the Sun's and Moon's Semidiameters, 
and the Moon's horizontal Parallax ; that is, if 
the diſtance of the Luminaries, ſeen from the 
Center of the Earth, exceeds the Sum of the Se- 
 midiamerers of the Luminaries, and the Moon's 
korizontal Parallax, once and 2 half che Sun's 
rallax being ſubducted from _ 

And if that Diſtance be equal to this Sum, 
the Penumbra bruſhes againſt the Earth, but 
will not fall upon it, neither will ehe Sun ap- 
pear Eclips'd to an Inhabirane of the Earth. 
1 * — that is, 1 how 

Center Penumbra 40. p, 
the diſtance of the 1 5 
Center of the Earth, wanes of the Sum of er 
Semidiameters and the Moon's' horizontal Pa- 
rallax, by the of once and a half the 
Sur s Parallax; that is, if 7 Y be leis chan FR 
and Y M together, or the Circle HM cuts the 
Circle DCG (namely, in / and Z) and at the 
ſame time the lictle Circle which is quite dark 
in the Center of the Circle HM, either nor 
touches at all, or does but juſt touch che Circle 
DCG ; part of the Sun will a) Eclips d to 
thoſe that inhabit that part of the enlighened 
Hemiſphere, which is taken in by the Segment 
V 22 common — 8 ws 

ut 


But becauſe the Semidiameter of this little 
dark Cirele to an Eye poſited as before, appears 


under an Angle equal to theSemidiameter of the 


Moon, ſeen: from the Earth's Center, the Sun's 
apparent Semidiameter from it Ag taken 
from it, by Sebol. Prop. 33. it is that this 
Circle (cho at V) will not reach the 3 CDG, 
if the diftance of the Luminaries, ſeen from 
the Center of the Earth, »rogether with the 
Sun's horizontal Parallax ( for in that caſe TY 
does not much exceed RT) does exceed the 
Moon's horizontal Parallax and the Exceſs of 
— Moon's- 1 Semidiameter above the 
s apparent Semidiameter, or is equal to 
them; that is, if the ſaid diſtance of the Eu- 
minaries exceeds the Semidtameter and horizon- 
tal Parallax of the Moon, taking from it' the 
Semidiameter and horizontal Parallax of the 
Sun; or if it be equal to them: But if it wants 
of chat Sum, then the whole Shadow wilF fall 
upon the Earth; and make a whole Eclipſe-of 
the Sun to the Inbabieants of that Tract of the 
Earth which it falls upon; but without any ſen- 
ſible mora or duration, becauſe this little Circle is 
very fmall, when the Moon's apparen t Diametet 


does but a little exceed the Suns apparent Di- 
ameter, and therefore is commonly look d upon 
25 the Center of the Penumbra. Nay, ſome- 
times this-Carele quite vaniſhes; when the Sun's 


apparent-Diameter 1 than the Moon's 
apparent Diameter. Now in either caſe, ſome 
place of the Earth has a total (or a central, tho” 
not total) Eclipſe, when the Center of the Pe- 
numbra being at the leaſt diſtance from the Cen- 
ter, the apparent diſtance of the Luminaries is 


equal to, or leſs than the Sum of their horizon- 
tal Parallaxes. 


But 
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But the whole Penumbra of the Moon dark- 
ens the Earth, firſt when TV (Fig, 41.) the leaſt. 
diſtance of the Centers of the Earth and pe- 
numbrous Circle, that is, (by the fo 
Prop.) the leaſt apparent diſtance, of the umi- 
n_—_ half the -Sun's horizontal Parallax being 
ſubtract ed from it, (for Y M is nearly 5 to 
half TR.) is e to the difference of TR, HY, 
or to the of the Moon's horizontal Paral- 
lax. above the. ſum of the Semidiameters of the 
Luminaries. And if that Diſtance is leſs than 
this Exceſs, the whole Penumbra falls upon the 
Earth, all the. Tra: of Land round about * 
no Eclipſe of the Sun. | 
Tho the Moon's Shadow or Penumbra re- 
ceiv d upon the Plane of the Diſc be a Circle, 
yet on the he Sphecic ſurface of the Earth ( where 
it really falls) it 15 circumſcrib'd by a line not at 
e (unleſs it be when Axis of the 
of Shadow is extended thro” the Center, 
the Earth,) and even not lying in the ſame 
e; ; (of which kind of Lines P. Caurſer wrote 
a {mall Treatiſe in the Year 1663.) which. is al- 
Nr Shadow: of the Earth receiv'd 
hs ie Non porn Surface. But in treating 
Moon's Eclipſe, there was no need of —. 
Ko — of this, becauſe its ſpherical Surface — | 
not, differ from a flat Diſc to an Obſerver on 
the Earth. But in the Earth, our Habitation, 
the thing is otherwiſe: For all the Spectators 
in the Earth which have an Eclipſe of the Sun 
of the ſame Quantity in the — moment of 
Time, lie under ſuch, a line. But the determi- 
nation of it does not belong to this Place, nor 
indeed properly to onomy. 
But the neareſt diſtance N the Centers 
of the Luminaries near the * ſeen 
from 
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from the Earth is to be found the ſame way as 
the neareſt diſtance between the Centers of the 
Moon, and of the Shadow of the Earth near 
the Full-Moon, was found in Prop. 35 ; namely, 
finding oy 4+ 31.) the Time of a true Con- 
junction, happening on a given Month, ix. 
when the Moon is found in N, the Sun being at 
S, [ fg. 42. ] SN being drawil for a Circle of 
Latitude, and finding the Places of the Moon's 
Nodes for the ſame Time; (of which & muſt be 
neareſt to S) as alſo the Inclination of theMoon's 
Orbit to the Ecliptic ; upon which acconne; in 
the Spherical Triangle & SN rectanꝑulat at S, you 
have given RS the diſtance of the Node and the 
Sun, and the Angle g, which is the Inclination 
of the Lunar Orbit to the Ecliptic; whenee 
you will find the Side SN and the Angle N: 
Again, in the Triangle S EN, (which, by rea- 
ſon of its ſmallneſs, may be look'd upon as re- 
ctilineal) beſides the Right Angle at L, (for S L,; 
by conſttuction, is perpendicular to the Moon's 
Irbit, therefore the next diſtance of the Lumi- 
naties, namely, when the Moon is in L). you 
have given the lately found Side SN, and. the 
Angle N; whence S L, the leaſt diſtance of the 
Luminaries; will be found, and alfo the Side 
NL, which will be of uſe afterwatds: Bur you 
will readily find the Arc S L from the Tables of 
the Moon's Latitude, by taking it equal to the 
Moon's Latitude, when the Argument of the 
Latitude is equal to the Arc & S, the diſtance of 
the Sun from the Node, the reaſon of which 
we have ſhewn in the ſame caſe; Prop. 35. 
COROLLARY. 
Hence will be defin'd the Terms for all matiz 
ner of Eclipſes of the Sun, that happen in any 
—_— parf 
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part of the Earth. For if T/ be leſs than the 
Sum of the Semidiameters of the Earth's Diſc, 
and the Moon's Penumbra, there will only be 2 
partial Eclipſe in ſome part of the If 
TV be lefs than TR the Semidiameter of the 
Diſc, there will ſomewhere be. a cotal Eclipſe 
of the Sun; at leaſt, a central one. Therefore 
in the rectilineal Triangle 8 , which is de- 
ſcrib'd in the Diſc of the Earth, having given, 
beſides the Right Angle at V, the Angle VaT, 
and the Side / T, equal to the ſaid Sum of the 
Semidiameter, you will find the Side 8 7; 
namely, the diſtance of the Center of the Moon's 
Penumbra from the next Node, and of the 
Moon from the oppoſite Node; which being 
fuch, at the Time of the true New-Moon, the 

Penumbra will go by the Earth without touch- 
ing it: But if, at the ſaid moment of the New- 
Moon, the diſtance from the neareſt Node be 
leſs than the above found Arc V, the Moon's 
Penumbra will involve ſome Tract of the Earth, 
and the Sun will appear under ſome ſort of E- 
clipſe to the Inhabitants of that Tract. After 
the ſame manner will the Terms be defin'd for 
a central Eclipſe of the Sun, happening ſome- 
where in the Earth, by taking the Semidiameter 
of the Diſc irſelf, inſtead of the Sum of the Se- 
midiameters of the Diſc and Penumbra, as was 
before ſhewn. But by reaſon of the ſmallneſs 
of the Angle at &, and of the Sides of the Tri- 
angles Y NT, TN differs but very little from 
TV: Whence they will nearly be the Terms for 
the Sun's Eclipſe, whether total or of any kind 
happening in any place; namely, the diſtances 
of the Moon from the next Node, when at the 
Time of the true New-Moon the Latitude is 
equal either to the Sum of the Semidiameters 


of 
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of the Luminaries and the Moon's Horizontal 


Parallax taking from it once and a half the Sun's 


horixontal Parallax, or to the difference ef the 


Sun's and Moon's horizontal Parallaxes. 


| Pxotrogrttof XIII. N | 
f 10 define the Time of the Beginning; Middle; 
and End, as well 7 every Eclipſe, or leſſen- 
inp of Light, upon account of the Moon 7 Penumbra; 
a: of a total Eclipſe of rhe Sung happtming in any part 
of rhe Globe of the Earth, apon A given Month; a 
thence to determine their Duration: ¶ Fig. 43. 
Let DCG be the Diſe of the Earth deſcrib d 
About che Center 7, ſeen from a Point of g 


Right line joining the Centers of the Earth and 


Sun, where it meets with the Heaven of the 
Moon. Let the common Interſection of its 
Diſe and the Plane of the Eeliptic be the Right 
line & K; and T N perpendicular to it will, bs 
the common Section of the Planes of the Cir- 
cle of Latitude, and of the Diſe of the Earth, 
in which the Point N is; where the commot 
Interſection of the Moon's Orbit, and the Plane 
of the Diſc, or the Projection of the Moon's Or- 
bit on the Plane of the Diſe, cuts the ſaid Circle 
of Latitude. When we ſuppoſe the Eye ſeeing 
this Eclipſe of the plac'd in 4 Right line, 
which joins the Centers: of the Sun and the 
Earth, it is plain that it will move together with 
the Sun; and therefore that it will ſee the Cen- 
ter of the Moons Penumbra, deſcribing upon 
the Diſe of the Earth that Way from tlie Sun, 
of which we have amply treated iti Prop. 46. 
Therefore let the Right line / NM be eoneeived 


to be drawn thro' N, making with TN Angles 
on each fide equal to thofe which the Moon's 
Way from the Sun makes with the Cirele of 

KK Kk 2 L#- 
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Latitude at the time of the true New-Moon ; 
and let this way of the Moon from the Sun, 
defin'd for the New-Moon or Mean Eclipſe, be 
ſuppos d to continue during the whole Eclipſe ; 
which indeed nearly happens : But if we wou'd 
go on more exactly, we muſt draw it a new 
other Diſtances of the Moon from the Node. 
From T draw T / perpendicular to Ia; and / 
will be the Point, to which, when the Center 
of the Moon's Penumbra is come, it will be the 
leaſt diſtant of any from the Center of the 
Diſc, and run upon the Earth moſt of any ; as 
has been ſhewn in 'the foregoing & of More- 
over (from Prop. 3. El. 3.) V is allo the middle 
of that of the Right line & I, which lies in 
the Circle DCG, or any other concentric to it ; 
and therefore it is ſuch, that the Center of the 
Penumbra is found in it in the middle of any 
Eclipſe of the Earth, which laſts as long as the 
Ceſſter of the Penumbra is in running thro' the 
Right line AB, ſuppoſing 7 4 to exceed TR by 
the Exceſs AC, Equal to the Semidiameter of the 
penumbrons Circle; and alfo ſuch as the Cen- 
ter of the Penumbra may be found in it in the 
middle time, that the Center of the Penumbra 
going thro' the Right line E F, produces the total 
and central Eclipſe of the Sun in ſome part of the 
Earth. Therefore the Problem comesto this, that 
the Point of Time be determin'd when the Cen- 
ter of the Penumbra is found in J. For doing of 
which, find (by Prop. 31.) the Time of the true 
Conjunction, which is in N; and when in the 
Triangle TN, beſides the Right Angle at V, 
you have the Side T N, and (by Prop. 36.) the 
Angle T NY, you will find NV inthe ſame parts in 
which TN or TR is given; that is, it will be known 
what Angle at the Eye is ſubtended by 3 V. 
| ut 


Book IV. of ASTRONOMY. 613 


But from the given horary Motion of the Sun 
and Moon, the Moon's horary Motion fromthe 
Sun is given, Of the Arc which the Moon, | 
ing from the Sun, runs thro' in the ſpace of an 
Hour, that is, the Time neceflary for the Moon 
to move from the Sun, thro' a given Arc ; 
therefore the Time will be known which is re- 
2 for the Moon to move from the Sun thro? 
btending an Angle ſubtended by the Right line 
N, that is, that the Center of the Lunar Pe- 
numbra may run thro the Right line NV upon 
the Diſc of the Earth; that is, laſtly, the Time 
between the moment of the true Conjunction, 
and the moment of the middle of the Eclipſe, 
in reſpect of the whole Earth; therefore the 
firſt being given, the laſt will alſo be given: For 
the moment of the Sun's Mean Eclipſe, (or of 
the middle of the Eclipſe) in reſpet of the 
whole Earth, and alſo that of the Moon's Mean 
Eclipſe, goes before the true Conjuction, when 
the Sun and the Moon have juſt paſs'd either of 
the Nodes, but follows it when the Luminaries 
are not yet come to the Nodes. To find this 
Time more readily we muſt make ufe of the 
Tables of the Time berween the true Syzygy 
and the greateſt approximation of the Centers 
of the Diſc and of the Shadow, of which we 
ſpoke in Prop. 37. | 
Now having found the Time of a Mean E- 
clipſe, it will be eaſy to define the Beginning 
and the End of every ſort of Eclipſe, or the 
moments when the Moon's Penumbra firſt 
comes at, and laſt of all leaves the Diſc of the 
Earth. For in the rectangular Triangle 7 JA, 
you have given the Sides TV, TA, the firſt of 
them before found, and the laſt made up of the 
Semidiameters of che Diſc and of the Penum- 
Te KKK 3 bra 
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bra before determin d; and therefore 47 will 
be given, and thence as before, from the Moon's 
horary Motion from the Sun yu will find the 
Time requir'd for the Pegumbra's Center to run 
over it; that is, half the Duration of every 
kind of Ecliple; and as the moment of the 
Mean Eclipſe is given, the Beginning and End 
of it are known. The Semi-mora or half the 
Duration of the whole Penumbra in the Diſc 
of the Earth, will likewiſe be found, if inſtead 
of TA the Sum of the Semidiameters of the 

iſc and of the Penumbra, you take their Dif- 

rence, juſt after the ſame manner as it is done 
in the total Immerſion of the Moon in the 
Eapth's Shadow in total Eclipſes of the Moon, 

But the Semi-mora of the Center of the Pe- 
numbra between the Earth's Diſc (or of the 
whole Shadow, which, as it is always flen- 
der, ſometimes none at all, is look d upon as a 
Center) is found by inveſtigating E/ from the 
given Lines TE, Ty, and the time requir'd for 
the Center of the Moon's Shadow to go over 
it, as before. But becauſe the Moment of the 
mean or middle of the Eclipſe, and half the 
Duration of the Center within the Diſc are 
known, the Time will alſo be known when the 
whole Shadow comes at or leaves the Earth ; 
that is, when the Sun's total Eclipſe begins or 
ends to an Inhabirant of the Earth. 


WW COROLL ART © 
Hence you have all the Angles of the rectilin 
al Triangles ATN, ETN, VTN, FTN, and 
BTN, and from hence alſo ſuch a & eme of the 
Eclipſe of the Diſc of the Earth, as this which 
we talk of, will be exactly deſcribed upon a 
Plane ; as was done of the Moon's Eclipſe, 
: | | _ Corol. 
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Corol. 2. Prop. 39: For the 43d Figure is the ve- 
Scheme requir'd; therefore that Scheme will 
be rightly drawn. And as it is known what 
parts of the Right line 8 / the Center of the 
Moon's Shadow will go thro' in the Space of 
an Hour, and what a Clock it is ina given place, 
when the ſaid Center is at Nor Vor any other 
Point given in &]; it is plain that if we aſcribe 
to the Points of this Line rightly drawn, the 
Numbers by which the Hours are expreſs'd in a 
wen Place, the Scheme requir'd will be per- 
for a given Place. 


ProPosITION XIIII. 

O determine the Quantity of à Solar Eclipſe in 
reſpet# of a — oh Earth within 
the Penumbrous Circle, which is a Section of the 
Moon's Penumbra by the Diſc of the Earth, when 
the faid Penumbra i: in a given Place. | Fig. 44-] 
Let E Fo be a Circle dividing the Hemiſphere 
of the Earth, which is enlighten'd by the Sun 
from the darken'd one, whoſe Plane therefore 
is the ſame with the Plane of the Diſc menti- 
oned before. Let KT reprefent the Ecliptic 
on this Plane; I NG the Way of the Center of 
the Moon's Penumbra ; N the Point to which 
when the Center of the Penumbra is come, 
there is a true New-Moon. Let A be put for 
the Center of this Penumbra, at a certain Point 
of time when the Shadow goes thro' the Right- 
line I, and the Penumbrous Circle AMX; 
AN will be that part of the Journey of the Pe- 
numbra which will be perform'd between that 
point of Time and the moment of the true 
Conjuction, which will happen when that Cen- 
ter will be come to N. Let us ſappoſe the Ob- 
ſerver plac d within this Circle as at O, or ra- 

RKK 4 ther 
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ther in a Point of the enlighten d Hemiſpherical 
Surface, which is ſhewn by a Right line let fall 
from O perpendicular to the Plane of the Diſc; 
and we muſt find what part of the Sun's Diame- 
ter is cover'd from the foreſaid Qbſerver. Let the 
Right line 40 be drawn and produc'd till it 
meets with the Circle M AA at M; I ſay that 
that part of the Sun's Diameter which is cayer'd 
by the Moon is to the whole Diameter as 0 A4 
to AM. For if the Obſerver was at M, the 
Moon wop'd cover no part at all of the Sun's 
Diameter from it ; but as the Obſerver goes gra- 
dually towards A the Center of the Penumbra, 
a greater and greater part of the Sun's Dia- 
merer is cover d from it by the interpoſition of 
the Moon, till at laſt when it is come to the 
Center 4, the whole Sun ( that is, its whole 
Diameter) is cover'd by it, if the Sun's apparent 
Diameter does not exceed the Moon's a t 
Diameter, (which I here ſuppoſe, and which 
commonly happens in their mean Magnitudes) 
and the Vertex of the total Shadow of the 
Moon reaches as far as the Earth, or the pe- 
numbrous Circle A. QX has its Center y 
and totally dark: And therefore if the Sun's 
Diameter he divided into Twelfth parts, from 
the given Ratio between AM and OM, which 
is known from the given Situation of the Place 
between the Circle A. A, you will have the 
Twelichs, or Digits, and parts of Digits of the 
Sun's darken d Diameter in reſpect to the Ob- 

ſerver. ; | 1 
But if to the Circle AN (in the 2444*Þ fig.) be 
concentric, the little Circle - C which is either 
wholly dark, or not altpgether dark, but more 
obſcure than the reſt and that equally; that is, if 
the Center or Point of the Moon's Shadow. be — 
B ther 
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ther extended beyond the Spectator, or falls ſhort 
of him, inſtead of 4 M you mult in the firſt caſe 
take BM, the Difference of the Semidiamerers 
AM and AB; in the latter, CM their Sum, 
viz. the Sun's whole Diameter is to _ 
cover'd by the Moon at O in the firſt caſe, as 
BM to OM, and in the latter caſe, as C M to 
OM. For in the firſt caſe the Spectator at B 
will ſee the whole Sun cover'd by the Moon, 
in the latter, the Spectator, plac'd at A will ſee 
a bright Circle which is the remainder of the 
Sun's Diſc, encompaſling the dark Moon, like a 
Crown, whoſe apparent Latitude is equal to the 
. Semidiameter of the Sun, when the Semidia- 
meter of the Moon is taken from it, which is 
the ſame as the Semidiameter AB, ſeen from 
the Moon; and the SpeRator muſt be at C, to 
ſee the Margin of the Moon touch the inner 
Diſc of the Sun. Therefore the Quantity of 
the Sun's Eclipſe is determin'd in every caſe. 
2. E. F. | 


PRoPoSITION XLIV. 
O give an account of the chief Phenomena of a 
1 Solar Eclipſe, and to deſcribe the Places of the 
Earth where they will happen, whilſt the Shadow of 
the Moon, in a Ecliptic New-Moon, goes along the 
Earth. [Fig. 45.] ® 
Let CGD repreſent the Globe of the Earth, 
revolving from Weſt to Eaſt by its Diurnal Mo- 
rion upon the Pole P and the other Pole which is 
hid, or turning from C upwards towards G. Let 
the Hemiſphere of this Globe, ſeen in the Scheme, 
be that which is enlighten'd by the Sun, therefore 
the Sun will directly and perpendicularly ſhine 
on the Circle CDG whoſe Pole is S. Thro' the 
Pole P and the Point S let PSR, an unmovable 


Qircle 


— - 
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Circle be ſuppos'd drgwn without the Earth's 
Surface, and alſo K ST another, vir. the com- 
mon Section of the Plane of the Ecliptic with 
the Surface of the Earth, ZSX another, at 
Right Angles to this, both theſe being alike 
fix d, between which the Earth performs its Di- 
urnal Revolution. It is certain that it is Noon 
at evexy place of the Earth, when it is come to 
that half of the Circle PSR which is here viſi- 
ble, becauſe the Sun is in the Plane of ic. Let 
A B repreſent the Journey of the Center of the 
Moon's Penumbra, deſcribing the Track ENF 
on the Surface of the Earth : Tho' the Hemi- 
of the Earth which is enlighten d by the 

Sun, and conſequently has Day, be ſuppos d to 
be rais d up above the Surface of the Scheme, 
the Way 4 Ba is conceiv'd to be gone thro' 
the Center of the Penumbra, on the Plane 
of the Diſc, upon which the ſaid Hemiſphere 
ſtands, Moreover, tho PSR, KSY, ZS, be 
Circles in the ſaid enlighten'd Hemiſphere, croſ- 
ſing one another in S, the Point directly under 
the Sun, they alſo repreſent the Right lines 
upon the Diſcof the Earth, directly under theſe 
Circles, namely, thoſe which are the ortho- 
graphical Projection of theſe Circles, when 
the Eye is ſuppos d in a diſtans Point of the 
Right line which joins the Centers of the Earth 
and Sun. N FLY | | : 
It is plain, that when the Center of the 
Moon's Penumbra is come to 4 (namely, when 
the penumbrous Circle touches the Diſc of the 
Earth in C) the Eclipſe of the Sun will begin 
to an Inhabitant at C: Now he that is at C by 
the Diurnal Revolution of the Earth, begins to 
enter the enlighten'd Hemiſphere; that is, the 
Sun riſes to him; therefore to the Inhabitant * 
| | | a 


1 
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the Earth C, whom, firſt of any Inhabitant of 
| the Penumbra reaches, the riſing 

un will of all appear to be Eclips d in its 

pper or Weſtern Limb or 0 e. When the 
ard of the 8 el comes to the 

at E, an itant at E the rifi 

Sun totally Ech, becauſe be is under = 
Center of the Penumbra. He that lives upon 
that Point of the Earth, where the whole Pe- 
aner receiv d within the Diſc of the Earth, 
(if that happens) tauches it within, will perceive 
an Eclipſe of the Sun to end at the lower Limb 
of the riſing Sun: So he which is in that Point, 
where the enumbra does laſt of all touch the 
Diſc within, as it is ready to go out of it, will 

ccive the Edie of Jun to begin, as the 
Sun Sets, We have not $d thale Two 
—— in the Figure, left we ſhou d make a con- 


When che Center of the Penumbrous Circle 


is come to Z S X, which is a Right line perpen- 
dicular to the Diſ of the Ealipeic, or when 


the Axis of the Moon's Penumbra is at N come 
to the Circle ZSX, which anſwers to the afore- 
ſaid Right line, it being the Diameter of it; a 
Point of the Earth's Surface, which is under the 
Point N of the Circle Z SX, has a Central E- 
clipſe of the Sun, and to a Spectator at N or a- 
ny other Point of the Circle Z S & the Sun ap- 
in the hi Point above the Horizon. 
For ſince, by ſuppoſition, the Circle Z X goes 


thro' the Zenith of the Spectator, it will be per- 


pendicular to this Horizon: But it is alſo per- 
pendicular to the Ecliptic at S; and therefore 
(by Elem. Spberic.) is a whole Quadrant diſtant 
from the-ſaid concourſe of the Ecliptic and the 
Horizon. But half the Ecliptic (becauſe it is a 

great 
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great Circle) is above any Horizon, whence 
ZX meets with the Ecliptic in a Point diſtant 
from the Eaſt Point a whole Quadrant, or 
the higheſt Point. Therefore an Inhabitant 
of the Earth which is then at the Point of the 
Earth's Surface at N, ſees the Sun centrally E- 
clips'd at the goth But he that lives 
from N towards Z or X, but in the Circle ZSX, 
does indeed ſee the Sun Eclips'd at its goth De- 
gree, if he dwells within the Limits of the pe- 
numbrous Circle; but more or leſs according to 
his greater or leſs diſtance from N, as has been 
ſhewn in the foregoing Propoſition. Likewiſe 
when the Center of the Penumbra comes to the- 
unmovable Cirole PS R at A, an Inhabitant of 
the Earth, which is under it, ſees the Sun E- 

elips d j ;uft at Noon: But thoſe that live from 
e either Pole under the ſaid Meridian 
PR, ſee the Sun at Noon in a Partial Eelipſe, 
if they are within the Limits of the Penumbra. 
And he that is remov'd from 24 towards the 
North Pole P, ſees the Sun's Southern part E- 
clips'd, and ſo on the contrary ; which alfo 
pens in the firſt caſe, and univerſally i in all 
At laſt the Center of the Penumbra being come 
to F the end of the Diſc, the S tor which 
at the ſame time is at that Point, the ſetting 
Sun ( becauſe being ready to change! Day for 
Night; he goes out Ao — enlighten d i — the 
dalkned Hemiſphere) centrally Eclips d. But 
he that, being at D, receives the laſt Stroke of 
the Moon's Penumbra, ſees the ſetting Sun as 
it. were contiguous to the Moon in its upper 
Limb, and the end of the * be it of hat 
Lind 1 it will. 


Pao 
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PzorostTION XLV. 


; s to be Eclips 
Things being 


as in the foregoing Figure, appears as a Right 
line, be Fee. thro' the Point of the Earth S, 
to which the Sun is perpendicular, and thro 
the Point C. Draw alſo PC, PZ Arcs of great 
Circles. In the Spherical Triangle PS Z, you 
have three Sides given, viz. PS, the diſtance 
of the Sun from the enlighten'd Pole, SZ, a 
drant, and P the diſtance of Z, the Pole 
of the Ecliptic (becauſe the Arc S Z is 
dicular to the Ecliptic XS and extended to a 
Quadrant) from P the Pole of the Equator ; 
therefore the Spherical Angle between the Arcs 
SP, SZ, is known, being the ſame with the 
reQilineal Angle berween the Right lines SP, 
SZ drawn in the Plane of the Diſc ; as general- 
ly the Angle in the Surface of a Sphere, is equal 
to à rectilineal Angle, which the common Se- 
Rions of the Planes of Circles, comprehending 
a Spherical Angle, make on a Plane perpendi- 
cular to both of them. Moreover (by Corol. 
Prop. 42.) the rectilineal og NSA and ZSC 


Let the great Circle 5 r in this as well 


on the other Side of ir are given, and therefore 
alſo PSC the Sum or Difference of it and of 
Z$P, or the Spherical Angle on the Surface 
of the Eatth, comprehended by the Circles 
SP, SC: Now in the Spherical Triangle PCS 
beſides the Angle PSC lately found, you have 
the Sides SP, SC, of which the laſt is a Qua- 
drant, and the firſt the diſtance of the Place C 


from 


place 
where che Setting Sun is Eclips d in irs upper 
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from the Pole P, that is, the Complement of its 
Latitude; therefpre the Angle SPC will alſo be 
goes „ In this Triangle. But (by Prop. 42.) the 

me is given when the Moon's Penumbra firſt 
touches the Diſc of the Earth at C, reckon'd in 
ſome determinace Place: Let this Place be H, 
whoſe Meridian is PH; therefore the Angle 
SPH will be given, namely, that by which ths 
Sun has already paſs d the Meridian, or is ſhort 
of it. Therefore HPC, the Sum or Difference 
of the Angles CPS, HPS, will be given, which 
HPC is the Difference of the Meridians of the 
Place C, and the given Place H. Therefore 


che Longitude and Latitude of the Place is found. 


2. E. F. ; 
You may after the ſame manner find a 


Limb, which the Moon's Penumbra leaves faſt 
PxorosITioON XLVI. | 

O ditimine what Place in the Earth is under 

| thi Center of the Moon's Penumbra at a given 
Hour, or in which the Sun i: centrally Eclips'd at a 
given Time. [Fig. 47. 1 1 
Things remaining as before, ſince the Place 
where the Stn appears centrally Eclips'd is re- 
quir'd, and the Time of ſuch an Eclipfs is given, 


as well as the Time of the true Conjunction, 


by Prop. 31. this Interval is given, and therefore 
from the Sun and Moons Horary Motion, the 
Moon's Motion from the Sun, agreeable to that 
terval, is alſo given. Whence it happens 
chat in the rectilineal Triangle SNA, deſeri 
in the Earth's Diſc, you have (by Prop. 36.) ths 
Angle SN A equal to the Angle comprehended 
detween the Circle of Latitude and the Way — 
| 7 
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the Shadow, the Side SN Sine of the Moon's 
Latitude in the true Con junction, and AN the 
Motion of the Center of the Penumbra agree 
able to the Interval between the propos d Time 
and the Time of the true Conjunction; there 
fore the Side SA and the Angle 48 N will be 
ven, or its Complement to two Right Angles: 
ut Z SP is given (as was ſhewn in the forego- 
ing Prop.) therefore you will alſo have the recti- 
lineal Angle PSA, and the Spherical Angle upon 
the Earth's Surface PSA which is equal to it. You 
have alſo the two Sides S4, SP of the Spherical 
Triangle PSA, this laſt equal to the Sun's 
Diſtance from the Pole P, and the firſt will be 
found after the following manner: To the 
Right lines SC, S A, drawn on the Plane of the 
Diſc, anſwer upon the Spherical Surface Two 
Arcs beginning from the Point S, which is di- 
realy under the Sun, of which SC is a Qua- 
drant, S 4 is an Arc, whoſe Right Sine is the 
Right line S. A; therefore the Arc SA fide of 
the Triangle PS 4, is that whoſe Sine is to the 
Whole Sine as the given Right line SA is to the 
iven SC; and therefore the Arc S A is known. 
2 in the Triangle PSA you will know 
PA the Complement of the'requir'd Latitude of 
the Place 4, and alſo the Angle S8 PA. But ſince 
the Time is given, as reckon'd in the determi- 
nate Place H, the Angle SPH is given; there- 
fore you will alſo have the Angle HPA, which 
is the Difference of the Meridians of the deter- 
min'd Place H and of the requir'd Place 4. 
Lou may after the ſame manner find the 
Place of the Earth, where the Sun's central E- 
clipſe happens in the goth Degree of the Eclip- 
tic from the Eaſt. We have demonſtrated in 
the 44*Þ Prop. that that happens to him who by 


the 
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the Earth's Diurnal revolution is brought to N, 
when the Center of the Moon's Penumbra falls 
on that Point: And we have ſhewnin Prop. 3 1. the 
Time number d in the Place ¶ when this hap- 
pens, (for it is the ſame with the time of the 
true Conjunction of the Luminaries ; ) therefore 
this is only a particular caſe of the foregoing 
Problem. 


i SCHOLIUM: | 
Hence therefore is defin'd that Trac of Earth; 
which the Center of the Moon's Penumbra goes 
thro' in the Solar Eclipſe of a given Month; 
that is; all the Places which have ſucoeſſively a 
central Eclipſe of the Sun: If (by Prop. 46. ) 
you would know in what Place of the Earth the 
riſing Sun is centrally Eclips'd, and then. ano- 
ther Place where it is centrally Eclips'd half an 
Hour or an Hour after, and ſo on till you come 
to the Place where the Sun is Eelipſed afrer the 
ſame manner as it ſets; thoſe Places join d by 
a Line or Lines on the Earth's Surface will ſhew 
that requir d Tra&. If on either ſide about this 
Line you draw as it were a Zone whoſe breadth 
is equal to the Diameter of the Moon's Penum- 
bra; the whole Tract of the Earth involv'd in 
the Penumbra which can have any Eclipſe of 
the Sun will be taken in. In that Tract may 
be mark'd the Places where the chief Phaſes 
are, as where the Sun is Eclips d in the goth 
Degree, and where in the Meridian, Cc. 


PRO. 
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ProrostTtos XLVII. 
O determine. the Place is the Earth's Surfaces 


where the Eclipſe of the Suu is either Total of 
Central, or where a given part of its Diameter to- 
wards a given Pole, will be bid by the Moon juft at 
Naos. Fig. 48. 1 FA 
remaining us befote, it appears, 

that Pola of © Earth which comes to A4, to- 
her with the Center of the Moon's Penum - 
ra, will have an Eclipſe of the Sum juſt at 
Noon. In order to find it out, let it be obſerv d, 
that in the rectilineal Triangle NAS, in the 
Diſc deſcrib'd as before, you have given (by 
Prop. 36.) the Angle 5 NA (namely, that 
which the Way of the Moon from the Sun gots 
tains with the Circle of Latitude) NJ the Di- 
ſtance of the Centets of the and Penum 
bra, at the true Conjunction, and the 
NSA to the Spherical ZsSPin 
Spherical Surface contain'd between the con- 
courſe at the Sun, of SZ and PSR, which an- 
ſwer to the Eeliptic and the Equator; whence 
you will have the Right line N A, and therefore 
the time requir'd for the Center of the Penum- 
bra to go thro? it in its Motion from the gun: 
But the tima reckon d in 4 given Place, is given, 
in which. that Center & in that Point N, name- 
ly, che ſame with the Time of the true Con- 
jon of the Luminaries ; therefore alſo ths 
Time number'd in the faid Place will be given, 
when the Center of the Penumbra is in MM. 


Find therefore by the foregoing Prop. that Placs 


of the Earth which at that time will fee the Sun 
in a central Eclipſe ; and ic will be the firms 


in which the Sun is centrally Eclips'd ar Noon. 
SH --- Suppoſe 
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Suppoſe that about the Center M, in the 
Plane of the Diſe, there is deſcrib'd a penum- 
brous Circle, cutting the Right line PSR at C 
and D; then, as the Sun's whole apparent Di- 
ameter is to a given part of it, which is not E- 
clips'd in the Place requir'd, ſo ler the Semidi- 
ameter of the Penumbra be to MO, and let 
MO be taken towards the Pole oppoſite to it on 
that fide where the Eclips d part of the Sun is, 
(as for example, if the Sun's Eclips'd part lies 
towards the hidden Pole in Fig. 49: let O be ta- 
ken towards P, the Pole in fight ;') the Point on 
the Earth's'Surface wich a Right line drawn 
from O, perpendicular to the Plane of the Diſc, 
ſhews, will be the Place requir d, in which the 
Sun juſt at Noon, in a given part, is Eclips'd 
towards the Pole oppoſite to P; as It Is plain e- 
nough from the 434 and 44% Propoſitions. If 
inſtead of the dark Center M, either the whole 
Cirele be totally dark, or there is altogether no 
total Shadow; but a Circle equally enlighten'd, 
(as in Scbol. of Prop. 33.) inſtead of the Semidia- 
meter MC you muſt take the Difference or the 
Sum of the Semidiameters of the Circle C D, and 
another interior and concentric to it; as it has 
been ſhewn in the ſaid 434 Prop. To find the Lati- 
tude of that Place O, (for the Longitude is known 
from knowing the Hour in a given Place, when 
it is Noon to an Inhabitant at O) obſerve that 
the Right line SM is given, namely, a fide in the 
Triangle 8 NM, alſo MO, each of them (and 
therefore their Sum or Difference) in parts of 
S Z, the Semidiameter of the Diſc of the Earth ; 
therefore you will alſo have the Arc- which is 
over it in the Surface of the Earth, of which 
SO is the Sine: But the Arc SP, wiz. the Di- 
ſtance of the Sun from the Pole, P is given; and 
96 22458 6 there- 
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therefore the Arc PO will be known, änd its 
Complement to the Quadrant of a Circle, is 
the Latitude of the Place O, which was re- 
quird. Z. E. F. = op 

If the Point © falls out of the Diſc of the 
Earth K Z Tx, the Problem is impoſſible. Af- 
ter the ſame manner may be determin'd the 
Place where the Eclipſe of. the Sun in its goth 

egree, of of it riſing or ſetting, is of 4 given 
Quantity, or where the Sun upon a giveh Time, 
reckon d in à given Place, is Eclips'd a determi- 
nate nuniber of Digits. In the laſt caſe there 
ate innunierable Places, but in each of the for- 
mer caſes, there are, at moſt but two, which 
anſwer to what is requir d. 


| PROPOSITION XLVIIEL = 
| O determine whether there will be a viſible E- 
VW- 


clipſe. in @ given Place of the Earth, on the 
Moon of a given Month; and if there is one; 
1d determine the Time of the greateſt Obſcurity, and 
the Duantity of t5e Eclipſe. [ Fig. 49.] _ 

We hare hitherto conſider d the Sun's Eclipſ- 
in reſpe& of the whole Earth, (6r rather, pro- 
perly ſpeaking, the Eclipſe bf the Earth,) as 
we % the Moofi's before: Now we muſt con- 
ſider it as it is ſcen, from à given Place of the 
Earth's Surface. Since the time that Kepler gave 
Aftronomers the. Moon's ane on the E ir. Hs 
Diſc, to be look d upon from the Lunar Ha- 
ven, they have with emulation endeavoured to 
deduce an Eclipſe of the Sun, viſible in, 4 
given Place, and all the Phznomena accending 
it from the ſame Scheme of the Diſe of the 


Earth, over which the Moon's Penumbra paſſes. 
But as this is done in a leſs Geometrical man- 
ner, (to which a Trigonometrical Calculation 
ö Er Lil z ca 
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can ſcarce be applied) and certainly a leſs na- 
tural one, and (as Mr. De la Hire, who makes 
uſe of it, confeſſes) ſomething more tedious ; 
we, according to the example of Kepler him- 
ſelf, in the Rudolph. Tables (who certainly knew 
how far his Invention wou'd reach) ſhall follow 
another way, ſhewn by Pt (in the 6th Book 
of his Almageſt.) and his excellent Interpreter 
Regiomontanus, that it may alſo be known to the 
Reader ; at the ſame time not forgetting to 
commend the Method given by the ingenious. 
Mr. Flamſtead in his Doctrine of Spheries, by which 
the Solar Eclipſe, or the coming of the Moon 
to the fix'd Stars in a given Place, is graphical- 
ly and handſomely „the Places in the 
2 1 the Earth, turn d from 
the Sun or Star, bei 5 proje- 
&ed on its great Circle. p 
Let CN repreſent the Ecliptic, S the Sun's, 
and L the Moon's true Place at the time of the 
true Conjundion ; find (by Prop. 63. B. 2.) the 
Snn's and Moon's Parallaxes in reſpect of their 
Longitude and Latitude, by which their Places 
in the Ecliptic or Diſtances from the Ecliptic 
may be corrected; and this for the ſaid Time, 
tho not very accurately : Then, from the true 
toregoing Places, or Places ſeen from the en- 
tet of the Earth, & and 4 ſeen from a given 
Place in the Surface of the Earth (or imply 
ſeen, as they call it) will be had. We don't 
make the Sun's Place differ from that mention'd 
before, to avoid Confuſion in the Scheme, as 
well becauſe the Sun's Parallax is fo ſmall, that 
it may well be overlook'd in this Scheme, and 
alſo chiefly becauſe in taking the Moon's Paral- 
lax from the Sun (as it has been ſhewn in the 
ſaid 634 Prop. of Book 2.) the Line NC may be 
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taken for the apparent Way of the Sun, or for 
the Eclipric a little irregular. Moon 'sap- 

parent Place A will be reduc'd to the Ecliptic 

C; and its Latitude 4C, Now to determine 
— Point in wo — W of the Moon 

will appear to the pro Spectator to be but 

little diſtant from the Center of the Sun, that 

is, when the greateſt Qbſcurity (if any will be) 

ſhall happen; find the Situation of the Moon's 

apparent Way from the Sun, by ſeeking again, 

from what ** laid down, (for a Time 

little enough diſtant from that in which the 
Moon appears in 4) the Places of the Sun and 

Moon as they appear to the given Obſerver, 

and imagining the Sun to be drawn back to its 

old Place S, and the Moon at the ſame time 
drawn back as much. The Place of the Moon 
fo found will be X, and being reduc'd to the 
Ecliptic will ſhew its Longicude at D and its 
— KD. Now N CA, F and 3 

ang given, you ma y Lemma 36. 

den 8 AN of the x hang 
parent Way in reſpect to the Ecliptic ; namely, 
the Point N of concourſe with the Ecliptic and 
the * le kad 4 the Sun's * - 
SM -perpendicularly upon AN, t 
Point M is neareſt to S of all the Points in 4 N. 
To find which let it be obſery'd that in the Tri- 
angle NS M beſides the Right Angle at A the 
Angle N and the Hypothenuſe NS, each wy 
found, are given, whence MS and MN will 
be known ; therefore alſo MA, becauſe the 
Arc AN is known. Now becauſe M is a Point 
of the Lunar Way which is the fartheſt diſtant 
of any from the Sun S; it is plain that if a pro- 

pos d Spectator is to have any Eclipſe of che 

Sun, that it will _— — the Moon's Cen- 
| L113 ter. 
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ter appears to, be in A, and that then alſo the 
greateſt part of the Sun's Diſc: will be hid by 
the Moon; and it is alſo plain, that if the be- 
fore found 8 M be greater or equal to the Sun 
and 'Moon's apparent Semidiameters SR and 
M H together, then a propos d Obſerver will 
have no Eclipſe ; if SM be lefs than & R and 
MY taken together, then there will at leaſt be 
fome Eclipſe. Bur SM is found for the New- 
Moon of a given Month, and (in the ſame 
parts, viz, parts of a Circle) the apparent Di- 
ameters of the Sun and Moon are above deter- 
min'd ; whence it may be defin'd, whether the 
New-Moon of a given Month will be Ecliptic 
n | | 
If there is to be any Eclipſe, in order to de- 
termine irs Quantity, we muſt take notice that 
[Lg. 50. ] SR and MH taken together are equal 
to MS and RH together: If therefore, from the 
known Sum of the Semidiameters of the Sun and 
Moon be taken the known Arc SM, there wi 
be left R , part of the Sun's Diameter cover 
from the Moon at the time of the greateſt Ob- 
ſcurity, which is eaſily reduc'd to Digits and 
res of. Digits, becauſe we already have the 
Sun whole Diameter and the cover'd part of it 
in ſuch Digits. | 
Hut it is plain from Obſervation, that the 
Moon's apparent Diameter is leſs (or perhaps 
the Sun's apparent Diameter is greater) when 
there is an Eclipſe of the Sun, than at the ſam 
diſtance from it when there is no Eclipſe, (for 
reaſons ſhewn in E. r. Prep. 19.) and that that 
Difference is about the 60th part of the whole 
Diameter: We muſt therefore hgve regard to 
this Correction when we define the Quantity 


and Phaſes of the Eclipſe. _ 


Laftly, 
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Laſtly, to determine the Time that the! 
Moon's, Center will be found in , let it be 
obſerv'd, that the Time is given ( becauſe it is: 
taken) that the Mopn by its apparent Motion” 
from the Sun (compounded partly of the Moofli's 
true Motion, partly of its apparent Motion a- 
riſing from the Parallax) goes thro! the known 
part AK of the apparent Way AN, or rather the 
known Arc CD of the Ecliptic, and that beſides 
there is given the Arc Ali; namely, the Sum or 
whence by Analogy: you will ſhave the Time 
neceſſary for the Moon, by is apparent Mori 
on from the Sun to go thro A4: But the 
Time is given in which the Moon is ſeen in 4; 
therefore the Time will alſo be known when 
it will appear in 4, where it hides the Sun moſt 
of all from a given Obſerver. E. f. 

For the Time found in which the Moon is in 
M, find again the Place of the Luminaries,-t6 
know whether all is rightly perform'd, or Whe⸗ 
ther there is need of a farther Correction. 

.  SEHOLIUM. Hist.! 

In the foregoing Operations we have ſuppos' 
the Moon's Motion from the Sun in the appa- 
rent Way AN to be equable, which is not true; 
for tho' the Moon's Motion from the Sun inits 
true Way LB, during the whole time of the 
Eclipſe, differs but little from an equable one, 
yet ſince there is a Parallax in its apparent Mo- 
tion in its apparent Way (as has been ſhewh at 
large in the Definitions of the Parallaxes Pr 

5. B. 2.) for that reaſon it differs very little 
* an equable one. Therefore for the deter- 
mination of the apparent Way AK, you muſt 
take the Tims after AF Moon has been in 4, 

\ 4 y 
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if C is alter S; but che Tĩme before, if C be before 
S. according to the order of the Signs, and, as far 


to 


I 


3 * 


+ 
985 
15 


; 


T: 
V5 
: 


12 


ProposrTION XLXIX. 
determine the Time of the Begiunin g and End 
of 4 Solar Eclipſe, ing open 4 gives 
Month and ſeen in a given Place, and ſhew what 

its whole Duration will be, (Fig: Fr.] 

(Things being as before, let us ſuppoſe XR tq 
the Moon, going on its Way AN, and HR 
to be the Sun at R: It is reguir'd ta find the 
Time when oy wh be in this Poſition. Let 


S and I, the ters of the Luminaries, be 
joind by SL, the Arc of a great Circle. 1 


n 
the 
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the Triangle SML, beſides the Right Angle at 
M, you have given the Sides S 24,. S L, the firſt 
of them derermin'd in the foregoing Propoſition, 
and the laſt, the aggregate of SR, LR, the 
Semidiameters of the Luminaries ; therefore the 
Arc ML will be known, which is in appearance 
to be run thro by the Moon's Motion from the 
Sun between the 9, ws. , che Eclipſe and 
oy MO of the gy Obſcuricy 2 
ing Prop.) happening w 

*. of che ip.) a to M: Therefore 
alſo you wilt know the Quanticy of. its corre- 
aner in the Ecliptic, viz. SE, reckon d 
back from S. In order to determine the Time 
requir'd for this, find the Time aſſum d (which 
8 wo, n 

ipſe is great or which wi known 
from the e of the Arc SA; 
and here again all will be ſo much more exact, 


as the Time aſſum d comes nearer to the half 
Duration of the Eclipſe) being the before known 


Moment of the Obleurity, the appa- 
rent Places of the inaries, which being re- 
duc to the Ecliptic (the Sun's Place being car- 


ried to S) will make the diſtance CS reckon'd 


on the Ecliptic. Knowing then the Time (be- 
cauſe ir is taken) that CS, the known Arc of 
neee 
Moon from the Sun; you will alſo know the 
Time in which another known one ES is 
thro' by the ſame Motion of the Moon 
the Sun ; that is, the Time between the Mo- 
ment of the greateſt Obſcurity, and the Be- 


ginning of the Eclipſe : But the former is de- 
rermin d 


by the f. ing Propoſition ; there- 
fore this —4 will be alſo — 


If 
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If the Moon's apparent Motion was equable, 
there would be as much Time requic rd from the 
Moment of the greateſt Obſcurity to the end 
of the Eclipſe, as from the Beginning to the 
faid Moment, becauſe the Right Une MP is 
equal to LM, "ſuppoſing the Moon HT to touch 
the Sun R H, at the End of the Eclipſe; and 
the greateſt Obſcurity wou d coincide with the 
middle of the Eclipſe, as it happens in the 
Moon's Eclipſe, where there is .no Parallax of 
the Moon from the Shadow of the Earth; for 
they touch one 'another. 'But becauſe here it 
happens otherwiſe,” as has been ſhewn in 
fo g Prop. in order to find the Time, of 
che End of the Eclipſe, - you 'muſt repeat the 
fame Operations, finding what a'Portion of its 
ter the greateſt Obſcurity, and finding by Afla⸗ 
logy how much TY: aal 0 125 the Ars 
thro by the Moon's apparent 1 8 from th 
Sun. For this being added to the th ouly 
the Moment of the End of the 4D Felt vs 
ſeen from a propos'd Place : And knowing dne 
the whole Duration. 9. E. F. 
SCHOLIUM. © 
Triangles is —— d by Trigonometry, they 
may be look'd upon as Plane: 'For by reaſon of 


Way the Moon goes thro in a Time taken at: 
Pl (equal to the before foun to be go 
Moment of the greateſt Ob „ Will gi 
Time of the Beginning and i you will know, 
Whilſt the greateſt part of che foremention'd 


the-ſmalneſs of their Sides, the part of the 
Spherical Surface which they take up differs 
little from a Plane, as was ſaid before in * like 
caſe, Prop. 38. And this gives a compendious 
Way of * Eclipſes of the Sun, which 
is 
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is very valuable, becauſe that Calculation is of 
it ſelf as tedious as any whatever, upon account 
of the Parallaxes which mult be ſo often found; 
but we muſt þe cautious how we uſe this ſhort 
F e e om avs 
„ „ as CWWOCELRY. 72 
Hence alſd may we exactly draw a Scheme 
df 'a Solar Fclipſe for a given Place. For ſince 
ſo ſmall a part of the Heavens as comprehends 
the Sun, (reckoning the ſpace it takes up from 
the beginning to the end of the Eclipſe) may 
be look d upon à Plane, the Ecliptic CN to- 
gether- wich the - Moon's apparent Way AN 
which ſometimes, by reaſon of the Parallax, 

will ſenſibly vary from a great Circle, or a 
Right line) and the Points S, *M, L, and P, 
Where the Sun's and the Moon's Centers are at 
the faid Times, will be rightly protracted after 
the common Method: And deſcribing Circles 
about the Points S and M whoſe Diameters are 
roportional to the apparent Diameters of the 
uminaries at thar Time, and are taken in fuch 
parts as the Portions of the Ecliptic and the ap- 
parent Way were before taken, you will have 
the Sun's Phaſis, at the Time of the greateſt 

Obſcurity. And as (by Prop. 36. B. 2.) you have 

the Angle which the Ecliptic comprehends with 
the Sun's Vertical, and the Situation of the Ver- 

tical in reſpect to the Meridian; if the Scheme 

above drawn be inclined to the Plane of the 

Meridian and to the Horizon in the due Angles 

already found, the Scheme of the greateſt Ob- 

ſcurity will be perfect. Moreover, if the Line 

AN, repreſenting the Moon's apparent Way, 

be divided into Tuch parts as the Moon appears 

to go thro' in Hours and parts of Hours (all he 
| while 


- 
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while ſappoſing the Sun unmov d) and you give 
them the numbers of the Hours as they are rec- 
kon'd in a given Place, ( which may be eaſily done, 
becauſe the Times of the greateſt Obſcurity, o 
the Beginning and of the End, which are to be 
ſer _—_ the Points M, L, and P, w known 
from the foregoi ropoſitions;) you will 
have an exact * And a Phaſis | 
to a given Hour may immediately be drawn, 
if on the Center which has the given Hour ſec 
down againſt it, you draw a Circle with a Di- 


ameter tothe Moon's aj t Diameter; 
for it will form the Circle Aer che Center 8. 


which repreſents the cut off a Pg, 
ſimilar and ſimilarly poſited to the Ecliptic, witl 
chat which the Moon at that time covers of the 


The Tables for Calculating the E- 
clipſes ( beſides thoſe that we have deſcribed in 
the 26h and 27th Propoſicions) their Founda- 
ion, Deſcription and Order, (as far as our De- 
will permit) are to be had in their proper 
Places; namely, that of the Luminaries 
parent Diameters in Prop. 3. that of the Incli 
nation of the Moon's Way from the Sun to the 
* in the Scbol. of Prop. 36. and that of 
the Time between the true Syzygy and the 
Mean Eclipſe, in Prop. 37. 
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PzorosrTion L. 
Ts the reaſon why the Lunar Tables bieber 
to Calculated ſhiw the Moon's Place in the 
of the . generally more | 
_ 2 than in any other , of 22 
than in the Quadratures. 

Beſides that, in order to determine the Lu- 
nations, the Syzygies of the Sun and Moon 
have been more accurately obſerv'd by Aſtro- 
nomers, than any other Phaſes, and the Moon's 
r Rar on the Sun has been moſt nice- 

obſery'd in Eclipſes of the Luminaries, and 

a Theory has been penny made and 
firred for finding the Moon's Place in thoſe 
caſes by Calculation; all the Monthly Inequa- 
lities, ee thoſe that are to be 1 u 
the Syzygics with the Sun, or thoſe that tha 
the Motion of the Moon and irs Orbit ceaſe 
in the Syzygies; and have, ſenſible in 
the other But all of them (except the 
Variation alone) are neglected by the Conftru- 
ctors of Lunar Tables, as has been ſhewn in the 
297 Prop . whence we ſee the Reaſon why the 
Moon's 's Place taken from thoſe Tables is more 


exact in the Syzygies chan in any other Aſpect 
with the Sun. For all theſe Inequalities be- 


come grewer by how much the Moon gase 
remov'd from the 8 ſo that they ara 
2 when the Moon is * the Quadratures: 
or the Apſes of the Lunar Orbit, which, ab- 
| 


ſolutely ſpeaking, go forward, do in the Noon $ 
Quadratures M "OO or at leaſt go for- 
e — 7 
es, whoſe abſolute Motion is ve 
back flower when the Moon is in 8 ” 


wich the Sun, by Prop. 14. And the Excencri- 
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city of the Lunar Orbit is leſs, and its Inclina- 
tion to the Ecſiptic greater (by the 2th and 
15th Propoſitions) when the Moon is in Qua- 
drature with the Sun, than in any other Aſpect, 
ceteris paribus ; whence the Lunat Tables hi- 
therto conſtructed are very far from determin- 
ing the Moon's true Place ini the Sun's Quadra: 
ture. Again, fince there is no account in the 
Tables of the Moon's greater Diſtance from the 
Earth in the N than in the Syzygies, 
(of wbich we have treated in tie 24 Prop. and 
its Corollaries,) and of the Moon's Parallax and 
apparent Place which depend bpon, it, theſs 
lat * not properly to be taken from the 
FF e e nh 
Moreover, i apy Inequalities of the Moon' 
depend, upon the Aſpect of the Nodes of the 
Moon's Orbit with 'the'Sun, and tho' there is 
notice taken of theni in ſome Tables that have 
been hitherto conſtructed,. yet it is not done 
with tlie gtedteſt exactneſs: Therefore the, 
Moon's Place will, even from theft Tables, be 
had more accurately when tho & Incqualities' 
A; bur, the; 1705 When 75 3 in 
the Syzy gies: for (by Prop. 14.) the Nodes are 
NE e ea of the Tikes 
is then the greateſt, by Prop: 15. Beſides, in 
the Eclipſes of che Luminaries the Nodes are 
at a ſtand in or near the'Syzygies ; hence the 
reaſoii is plain why in theſe the Mdon's Place is 
more accurately found in che Tables: For the Er- 
rors of the Tables in tlie various regreſs of the 
Nodes, and the various Inclination of the Lunar 
Orbit to the Magus Orbis according to the various 
Alpeck of the Nodes to the zun (Which are cer. 
tainly ſo, in ſome meaſute) hade no Place in this 
caſe. For at the Time of the Eclipſes there 
63 f | 2 
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is a Ceſſation of the Cauſes that produce thoſe 

equalities which are not ſo exactly fer down 
in the Tables, and therefore the Effects of the 
Errors of the Tables in the "Moon's Place, for 
either Eclipſe (and for a whole Month befote 
and after ce ee) by being wrong defin'd, 
alſo ceaſe. Theretore fince in the Eclipſes of 
the Luminaries, both the foremention'd caſes 
obtain, namely, the Moon itſelf and the Nodes 
of the Moon's Orbit alſo are in the Syzygies, 
the Moon'S Place at that time taken out of the 
Tables (as wanting fewer Equations becauſe it 
is liable but to few Inequalities) will be more 
accurate and exa& than in any other Situation 
or Aſpect to the Sun of the Moon or its Nodes, 
where there are Inequalities, of which there is 
no account, or no exact one in the Tables. 


SRT. 
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— — — — — — — 
Stcrion IX. 3 


Of the Motions of Satellites revolving a- 
1 Planets befides the 
Eart 


Prorosiriox LI. | 
HE Diftance of 4 Primary Planet from the 


Sun remaining the ſame, if ſeveral Sccomdary 
Planers revolve about the Primary one in fimilar er- 


the Center of the Primary 
— * Satellites, are 


mary Planer at the fame Diſtance from it, 
it is plain that ſeveral Secondary Planets revol- 
ving about a Primary are affected the fame way 
as one Secondary Planet, whoſe Orbit is dilated 
and contracted as much as the Orbit of thoſe 


different Secondary Planets are 
it is plain ( from 
Errors 


each other. Burt in this caſe it is 
Prop. 18.) that the ſaid Angular , ſeen 
from the Center of the Primary,” and gene 

in every Revolution, are direQly as the 

of the Periodical Times. Whence the 
the Propoſition is evident. .9. E. D. 


COROLLARY 
Since all the Errors abovemention'd, gene- 
rated in the different Times of the different 


Revolutions 
Times; thoſe that are 


erated in the ſame 


and a determinate Time, will be as the Times 
of the Revolutions themſelves, that is, as the- 
Periodical Times; namely, taking away on. 


either ſide one of the conipounding Ratio's, 
viz. the ſimple Ratio of the Periodical Times, 
But becauſe ſome of the aforeſaid Errors, 
namely, the Motion of the Apſes and the Nodes, 
is ſometimes in antecedentia, ſometimes in conſe- 
wentia ; therefore their mean Motions made in 


ome remarkable Time towards the ſame parts 


will in the preſent caſe be as the Periodical 
Times of the Satellites. 


Przovosrttion LIL 


F two Primary Planets revolve about the Sun at 
different diſtances from it, and one Secondary 
Planet revolues about each Primary, and their Orbita 
be equal, fimiler and ſimilarly inclined to the Orbits 
of their Primaries ; the Sun's Forees that diſturb the 
Motion of the Satellites and their Effects, that is, all 
the Errors, reſpectively ſeen from the Cen- 
ters of their Primaries, are reciprocally in a Duplicate 
Ratio of the Periodical Times ＋ 

about the Sum. 

For, becauſe the accelerating Force of any 
Primary Planets whatever about the Sun, is the 
ſame, at the ſame Diſtance, it is plain that thoſe 
Secondaries which revolve in equal Orbits, a- 
bdut different Primary Planets are affected the 


ſame way as one Secondary Planet revolving 


about its Primary, which revolves about the 


Sun in an Orb fo excentric, that its Diſtances 


from the Sun, in divers Points of ſuch an Orbit, 
differ as much from one another as the Diſtan- 
cts of the two Primaries in the preſent caſe. 

Mum Put 
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are as the Squares of the ſaid 


the Primary Planets 
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But it is plain (by Prop. 19.) that in ſuch a caſe, the 
ſaid Errors, both in Longitude and Latitude, 
ſeen from the Center of the Sun, are inverſly 
as the Cubes of the Diſtances of the Primary 
from the Sun. And therefore the faid angular 
Errors of Secondary Planets revolving in (qual 
ſimilar and fimilarly inclin'd Orbits about two 
Primary Planets mov'd about the Sun in diffe- 
rent Diſtances, ſeen from the Centers of the 
reſpective Primaries, are inverſly as the Cubes 
of the Diſtances of the Primaries from the Sun. 
But, by the 40th and 424 Propoſitions, the 
Squares of the Periodical Times of the Primary 
Planets about the Sun are as the Cubes of the. 
mean Diſtances of them from the Sun: And 
therefore all the angular Errors of the Secon- 
dary Planets reſpectively, ſeen from the Cen- 
ters of their Primary ones, are inverfly as the 

Squares of the Periodical Times of the Prima- 
ries about the Sun. 2. E. D. | 


| PRrRoPosSITION LITE 
* HE Angular Errors of the Satellites generated 


in every one of their Revolutions about their 
reſpective Primary Planets, and ſeen from their Cen- 
ters, are in a Ratio compounded of the direct duplicate. 
Ratio of the Periodical Times of the Satellites about 
their reſpective Primary Planets, and of the dupli- 


cate rec! 


procal Ratio of the Periodical Times of the 
Primary Planets ab aut the Sun. oy 

For, by Prop. 51. if the Diſtances of the Pri- 
mary Planets from the Sun were equal, the 
foreſaid Errors wou'd be in a direct duplicate 
_ 4 the Periodical Times of the Sttellites 
about their Primary Planets reſpectively: And 
by Prop. 52. if the Diſtances The telling 
from their Primaries were equal, the ſaid 


Errors 
wou'd 
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wou d be in a teciprocal Duplicate Ratio of the 
Periodical Times of the Primaries about th 

Sun: And therefore, tho neither the Orbits of 
the Primaries about the Sun are equal, nor thoſe 


of the Satellites about the Primary Planets ; the 
Ratio of the foreſald angular Errors, generated 


in every reſpective Revolution of the Satellites, 
and ſeen from the Centers of their Primary 


Planets, is compounded of the foreſaid Ratios; 


namely, a direct Duplicate Ratio of the Perio- 
dical Times of the Satellites about their reſpe- 
ctive Primary Planets, and a Duplicate reci- 


procal Ratio of the Periodical Times of the 


Primary Planets about the Sun. &. E. P. 


SCHOLIUM. 

From the ſame Reaſoning you may (by Prop. 
52. and the Corollaries of Prop. 5 1.) gather, that 
the mean Motions of the Apſes and Nodes of 
Two Satellites are in a Ratio compounded of a 
dire& Ratio of the Periodical Times of the Sa- 
tellites about their reſpective Primary Planets, 
aud a reciprocal Duplicate Ratio of the Perto- 
dical Times of the Primary ones about this 
—_—— | 
- __» © PropostTION IIV. 

T O determine the unequal Motions of Satellites re- 
vol xing about any other Planets. 

Prom the before determin d unequal Motions 
of the Moon, ſeen from the Center of the 
Earth, the analogous Mötions of any Satellite 
may bgthe help of the premis d Theorems be 
n'd, if the Form of the Orbits of the 
Satellites and the Inclination of the Orbits to 
the Plane, in which the reſpective Primaries 
are carried about the Sun, do not much differ 
| Mm m2 from 
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from the Form of the Lunar Orbit, and the In- 
clination of its Plane to the Plane of the Eclip- 
tic, as it happens in the Satellites of Jupiter 
and Saturn : For their ſmall difference does not 


ſenſibly change the Motions, as it has been ta- 
ken notice of in the 11th and 14th Propoſitions. 

Let (for Example) the Motions of the out- 
termoſt of the Circumjovial Planets be to be 
determin d: It is plain, from the Scholium of 
the foregoing Propoſition, that the regreſſive 
Mean 


otion of the Nodes of the ſaid Satel- 
lite is to the Mean Motion of the Moon's Nodes, 
in a Ratio compounded of the Ratio of the Pe- 
riodical Time of the ſaid Satellite about Jupi- 
ter, to the Periodical Time of the Moon about 
the Earth, and a Duplicate Ratio of the Perio- 
dical Time of the Earth-about the Sun, to the 
Periodical Time of Jupiter about the Sun; and 
therefore that it is given, when the ſaid Pe- 
riodical Times are known by Obſervation. 

Likewiſe from the Mean progreflive Motion 
of the Apſes of the Moon, may be found the 
Mean progreſſive Motion of the Apſes of a 
Satellite. 

After the ſame manner, from the foregoing 
Propoſition, the Variation of the ſaid Satellite 
is to the Moon's Variation above found, in a 
Ratio compounded of the Duplicate Ratio of 
the Periodical Time of that Satellite about Ju- 

iter, to the Periodical Time of the Moon a- 
ut the Earth, and a Duplicate Ratio of the 
Periodical Time of the Earth about the Sun, 
to the Periodical Time of Jupiter about the Sun; 
that is, (by the ſaid foregoing Prop.) as the whole 
Motions of the Nodes in the Periodical Times 
of the Satellite and the Moon to one another. 


And 


4 
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And after the ſame manner the greateſt - 
quations of the Nodes and the Apſes of a Sa- 
tellite are to the gromen Aquations of the 
Nodes and of the Apſes of the Moon reſpe- 
ctively, as the Motions of the Nodes and Apſes 
of a Nellie during the Time of one Revolu- 
tion of the former Æquations, to the Motions of 
the Nodes and Apſes of the Moon, during the 
Time of one Revolution of the latter Æqua- 
tions. 

All theſe Things likewiſe hold true of any 
other Satellite. But having once found the ſaid 
Inequalities in one of the Satellites, the analo- 
gous Inequalities in any other revolving about 
the ſame Primary Planet are more eaſily deter- 
min'd, by Prop. 5 1. and its Corollaries ; 

will be no need of making uſe of an inverſe 
Duplicate Ratio of the Periodical Time of the 
22 about the Sun, the Primary remaining 


PROPPOSTITION LV. 


O correct the Motions of the Apſes of the Satel- 
lites of Fupiter and Saturn found by the ferego- 
ing Propoſition. | 
Becauſe the Apſis of the Moon, in the Syzy- 
es with the Sun forward, and alſo the 
pſis of a Satellite, by Prop. 11. bur ſlower by 
reaſon of the ſhore Periodical Time of the Earth 
about the Sun, in compariſon of the Periodical 
Time of Saturn or Jupiter about it; it is plain 
that the Moon's Apſes ſtick longer in the Syzy- 
y of the Sun and near it, than the Apſis of a 
4 becauſe it does more cloſely follow 
the Sun, which is carried in conſequentia faſter 
than either Apſis. And on the other hand each 
Aplis of a Satellite goes back in the Sun's Qua- 
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drature, but that of the Moon faſter; therefore 
it remains 2a ſhorter Time in the Sun's Quadra- 
ture, which it meets. And as for the firſt Cauſe 

the Apſis of a Satellite goes forward for a leſs 
time than the Apſis of the Moon, and, by the 
ſecond Cauſe, it & longer a going back than the 
Apſis of the Moon, and the ablolute Progrefs 
of each ariſes from a greater Progreſs than Re- 
greſß; it is plain that thoſe two Cauſes conſpi- 
ring diminiſh the progreſſive Motion of the 
Apſes of a Satellite, more than in proportion 
to the other Cauſes. Therefore upon this Foun- 
dation we muſt build the Correction of the be- 
fore found Motion of the Apſes, and diminiſh 
the ſaid Motion according to the permanency 
of this Cauſ and its Effects on each of the Sa- 
tellites of Jupiter or Saturn. x 


SCHOLIU M. 


Theſe Inequalities which affect the Motion 
of a Satellite revolving about any-Primary Pla- 
net being determin'd, it will be eaſy (according 
to the foregoing Methods about the Moon) to 
find, by Calculation, the.Places of thoſe Satel- 
lites for a given Time, their Immerſions into 
the Shadow of their Primary Planet, their E- 
merſions out of it, the journey of the Shadow. 
of a Satellite over the Diſc of his Primary, and 
other things concerning their Motions, as they 
are ſeen from their proper Primary Planets. And 
the Form; of the Tables for determining their 
Motions, ſeen from thence, will be the ſame as 
that of the Moon's Tables above deſcribed ; 
from which, together with the Tables of the 
Primary, (deſc ib'd in the foregging Book) one 
may readily find the Phænomena of thoſe Sa- 
tellites. Buz becauſe the Eclipſes of the Satel- 
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lites, as they run into the Shadow of their Pri- 
mary Planet, are very remarkable Phænomena 
to be obſerv'd by the Inhabitants of the Earth; 

Aſtronomers have conſtructed Tables for the 
immediate Calculation of them, whoſe Foun- 
dation and Form appear eaſy and ſimple to any 
one that underſtands the foregoing Propoſitions; 
and therefore we ſhall only give a tew Exam- 
ples to illuſtrate them over and above; which 
yet do not properly belong to theſe Elements, be- 
cauſe they are only Phyſical and Geometrical, ' 
not Arithmetical. 

But yet we ought to take notice that regard 
is to be had to the different Diſtance of the 
Earth (the Place of the Obſerver): from theſe 
Phænomena of the Immerſion and Emerſion of 
the Satellices of Saturn and Jupicer: For ſuch a 
Phænomenon is ſooner ſeen when the Earth is 
nearer to it, than when it is remov'd from it. 

Let S [Ag. 52.] repreſent the Sun; CDE F the 
Magnus Orbis, or the Way of the Ear h; GY H, 
the Way of Jupiter, U Jupiter caſting his 
Shadow Y; BAK the Orbit of a Satellite of 
Jupiter. Let an Inhabitant of the Earth at C, 
ſee the Emerſion of the Satellite out of the Sha- 
dow of Jupiter at 4; for if the Satellite be one 
of the neareſt to Jupiter, or the Earth be after 
the Oppoſition or before the Conjunction of 
Jupiter with the Sun, then the Immerſion at B 
will not be ſeen by reaſon of the Interpoſition 
of Jupiter's Body: If the Spectator ſhou.d re- 
main in the ſame Place, after ſome. Time the 
like Emerſion of the ſame Satellice-wou'd again 
appear, and another ſuch Emerſion of it after 
the ſame ſp:.ce of Time, and ſo on. But as 
the Earth goes from C to D, it is plain that 
there is need of a longer Time for the ſame 
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Appearance to reach to it at D; namely, as 
— more Time as is needful for che Light 
(wiich. as it were, brings the Phænomenon) 
to go hro' the Interval of the Diſtances 4 D, 
AC, or the Diſtance CD. For the ſame rea- 
ſon the Immerſion of the Satellite at B, ſeen 
by an Inh bitant of the Earth at E, will, after 
a determined Time, be again ſcen, and ſo on; 
but the Earth, as it were, meeting the Phænome- 
non, as it goes from E to FE, a Spectator will 
ſooner ſee the Phænomenon when he is at 
F than when he was at E. And this proceeds 
from the different Diſtance: of the Larti from 
the Bodies whoſe Phænomena are obſerv'd, to 
which we ſaid that regard was to be had: For 
by reaſon of this different Diſtance, they are 
ſeen ſooner or later, as alſo all the Inequalities 
which really happen in the Motion of the Bo- 
dies themſelves. And from the comparing ſuch 
Phænomena ſeen ſooner or later with the 
Earth's annual Orbit, we, on the other hand 
diſcover the ſucceſſive Motion of Light, and 
from it find out its Velocity by Obſervations, 
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SECTION X. 


Of the Motions of Satellites about their 
own Centers reſpectively. 


ProerosITION LVL 
O deſcribe the Motion of the Moon about its 
own Center, as it is carried at the ſame Time 
round the Earth, | 
For the Example of the Motion of the Satel- 
lites about their own Centers, we ſhall give an 
inſtance in our Moon, to whoſe Motion 'tis 
reaſonable to believe the Motions of che Satel- 
lites of other Planets to be analogous; for we 
cannot make minute Obſervations of thoſe 
ſmall Bodies which are at ſo immenſe a Diſtance. 
The Motion of the Moon is in all things like 
the Motion of the Earth about its own Cen- 
ter, whilft it is carried round the Sun, ex- 
cepting the Inclination of its Axis and the Pe- 
riod of its Revolution. For as the Moon moves 
round the Earth, it moves alſo about its own 
Axis: This Axis is every where parallel to itſelf, 
therefore not perpendicular to the Plane of the 
Moon's Orbit, (for this Orbit is continually 
chang'd by reaſon of the action of the Sun 
which diſturbs it) but inclined to it, and almoſt 
at, right Angles with the unmoy'd Plane of the 
Ecliptic. The Moon's Motion about this its 
own Axis ( as alſo that of the Earth about its 
Axis, and of the other Primary Planets about 
their Axes, ſhewn in Prop. 30. B. 1.) is uniform 
and equable, always of the ſame tenour ; and 
its Period is the ſame with the Periodical . 


di 
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different from what happens in the Earth and 
the other Primary Planets carried about the Sun, 
every one of which performs ſeveral Revolu- 
tions about its own Axis, whilſt it goes once 
thro its Orbit, - IR A 


' Pxovosrtion LVII. 
HE Plane of the ſame Lunar Meridian (or of 
a Circle made by the Section of 4 Plane along 
the Axis 7 its Rotation) being produc d, does oy 
nearly paſs thro that Focus of the Elliptic Orbit (de- 
Kriz 47 the Earth) in which. the Earth is not. 
| Te BDC be the Ellipfe, whoſe Periphery 
is deſcrib'd by the Moon moving about the 
Earth: Let the Earth T be plac'd in one of its 
Poci, to' which a Ray or Radius (which we 
have call'd a Vector) being drawn, deſcribes A- 
reas proportionable to the Times in which they 
are defcrib'd. And by Prop. 5. B. 3. the Right lines 
AF, BF, being drawn 3 any two Points of 
an Ellipſis to one of its Foci F, (namely, that 
in which the Earth is not) the Angle AFB is to 
four Right ones nearly as the Time in which the 
Moon runs thro' the Arc 4B to the whole 
Time of the Moon's Period. If 4 Mrepreſents 
the Plane of the Lunar Meridian, which (the 
Moon's Center being any where, as for Ex- 
ample, at 4) being produc'd goes thro F; I ſay 
that the ſame Plane being likewiſe produc'd 
will go thro' F, in whatſoever Point of the E- 
cliptic Orbit the Moon is. For, becauſe the 
Rotation of the Moon is uniform about irs own 
Axis, and ir alſo has the fame. Period as the 
Moon has about the Earth; ir is evident that 
the Plane of the Meridian which in the Moon's 
Situation A was 4 M, when the Moon's Cen- 
ns ts ter 
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ter is got to any other Point (as B) will have 
ſuch a Situation BE, that the Line B being 
taken parallel to 4 M, the Angle BE will be 
to four Right Angles as the Time in which the 
Moon is carried thro' the Arc A to the Moons 
whole Periodical Time: Therefore (by Prop. rr. 
El. 5.) mBE is to four Right Angles as AFB is 
to four Right Angles; whence (by Prop. 9. El. 5.) 
the Angle B E is equal to AFB. And as AF 
and Bm are parallel, BE will be in directum to 
BF; that is, in a Situation of the Moon B :aken 
at pleafure, the Plane of the ſame Meridian, 
which produc d did in the former Situation 4 

thro F, produc'd in this does alſo go thro F. 
herefore in what Point ſoever of the Orbit 
the Moon's Center is found, the Plane of the 
fame Meridian will go thro F, the Focus in 
which the Earth is not. 2. E. D. 


PrRoPosITION LVIII. | 

O deſcribe the Motions which appear in the 

Moon's Face, ſeen from the Earth, ariſing 
from the Moon s Motion about its own Center. 

Firſt, it is plain that nearly the ſame Face of 
the Moon is always turn'd towards the Earth, 
and that nearly the ſame Lunar Spots are ſeen 
by an Obſerver on the Earth. For ſince the 
produc'd Plane of the ſame Meridian goes thro' 
the empty Focus F of the Lunar Orbit, and the 
Lunar Orbit is not very excentric, that is, F is 
not very far from 7, or the Angle FB (when 
greateſt) is not very great, it is plain that near- 
ly the ſame Face of the Moon is always turn'd 
to the Earth. : 

But if that Face of the Moon which is turn- . 
ed towards the Earth be nicely conſider'd, by 
looking at the Spots, ſo as to draw the 1 
9 52 | x: 
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of it by the help of a Teleſcope, it will a 
pear that we dont preciſely ſee the ſame Face. 
And ſince the Plane 4 M of the ſame Meridian 
is not directed to the Earth 7, but to the other 
Focus F, it is plain that the Hemiſphere of the 
Moon when it is at A, ſeen from the Earth 7, is 
ſomething different from that which is ſeen 
from it when the Moon is come to B, ſome pare 
of the Moon s Hemiſphere which is drawn to- 
wards D, and was hid from the Eye in T when 
the Moon was at 4, being noy difcover'd, and 
part of the Hemiſphere cowards C, which was 
then ſeen, being now out of Sight. And this 
apparent Motion of the Moon from the Earth, 
by which ſome of its Spots in the Hemiſphere 
turn'd from the Earth, come in ſight, and ſome 
of thoſe in the Hemiſphere towards the Earth 
get out of ſight, is properly enough call'd, the 
Libration of the Moon, and that which happens 
for the reaſon juſt given is call'd, the Libration 
in Longitude, ariſing from the Moon's Motion 
in Longitude, or along the Zodiac. This Li- 
bration is twice reſtor'd in every Periodical 
Month; namely, when the Moon is in the Apo- 
m C or Perigaum D: For in either caſe the 
lane of the ſame Meridian, which being pro- 
duc'd falls on F, falls alſo on T. And this Li- 
bration is from all the Inequalities of the Mo- 
tion affected in Longitude, and, amongſt others, 
by that Inequality, by which the Moon, in 
44 with the Sun, is remov'd from the 
Earth, of which mentibn has been made in the 
Corollary of Prop. 2. 88 
Moreover, becauſe the Axis of the Moon's 
ERotation is not perpendicular to the Orbit which 
the Moon deſcribes about the Earth, but inclin- 
ed to it, it is plain that ſometimes one Pole » 
t 
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the Moon, ſometimes another, points towards 

the Earth, (for the ſame reaſon that ſome- 

times one Pole of the Earth, and ſometimes 

another is turn'd towards the Sun) and there- 

fore ſomerimes we ſee from the Earth the Lu- 

nar Spots which are near one Pole, and ſome> 4 

times thgſe which are near the other, and con- 1 

ſequently we ſee another Libration of the 0 

Moon from the Earth; which, as it depends fl 

upon the Situation of the Moon, in reſpe& of 1 

the Nodes of its Orbit with the Ecliptic, ( for 

its Axis, as has been obſerv'd, is nearly perpen- 

dicular to the Plane of the Ecliptic) is rightly 

call'd, the Libration in Latitude This is per- 

form'd in the ſpace of a Periodical Month, or 

rather as the. Moon returns to the ſame Situa- 

tion in reſpe& of the Nodes. 
Again, there is a third kind of Libration of 

the Moon, by which, tho' no other part of it 

be turn d to the Earth than what is occaſion'd 

by the two foregoing Cauſes (namely, the Li- 

bration in Longitude, and the Libration in La- 

titude) yet another part is enlighten'd by the 

Sun. For ſince the Axis of the Moon is nearly 
rpendicular to the Plane of the Ecliptic, 

when the Moon goes fartheſt from the Ecliptic 

- towards the South (or is in the Southern Limit) 
the Moon's North Pole, and alſo ſome part of 
the Lunar Globe beyond that Pole, are enligh- 
ten'd by the Sun, when at the ſame time the 
Squth Pole of it, and ſome parts on this ſide. of 
it (that is, on the ſide towards the Sun) are in 

darkneſs ; if therefore in this caſe it 3 


that the Sun is on the ſame ſide as the Moon's 
Southern Limit, the Moon, going from the 
Conjunction with the Sun to the aſcending Node 
will appear by little and little to draw away its 

or- 
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Northern parts and the Spots near the North 
Pole, into the darken'd Hemiſphere, when at 
the ſame time on the oppoſite ſide other Spots 
about the South Pole emerge out of darkneſs in- 
to Light: And the contrary will happen half a 
Month after, when the New Moon deſcends 
from the Northern Limit; that is, the more 
Northern parts of the Moon will by little and 
little break out into Light from Darkneſs, at 
the ſame time that the moſt Southern parts hide 
themſelves in Darkneſs. It is plain that this 
Libration, or rather theſe Effects of the Libra- 
tion in Latitude, depend upon the Sun's Light, 
and therefore on the Synodical Month. 


SCHOLIUM. 


From this Propoſition it appears how mani- 
fold this Libration of the Lunar Globe ſeen 
from the Earth, is; which is produc'd by its 
moſt ſimple Motion about its own Axis, de- 
ſcrib'd in Prop. 56. for the foregoing kinds of 
Librations, according to the various Situation 
of the Lunar Apſes, of the Nodes and of the 
Sun (upon all which they depend) are variouſly 
mix'd and combin'd, and make thar moſt intri- 
cate Libration of the Moon obſerv'd by Aſtro- 
NOmers. | 

And that all theſe things obtair likewiſe in 
the Satellites of Jupiter and Saturn is very pro- 
bable, becauſe they go round thoſe Primary 
Planets, and, together with them, are carried 
about the Sun, juſt as the Moon and Earth; 
and alſo. at Jupiter's and Saturn's Satellites have 
that very remarkable Phænomenon, in reſſ 
of their Primaries, which has ever been obſer- 
ved of the Moon, namely, that it always turns 
the ſame Face to the Earth, as was faid at the 
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beginning of the laſt Prop. For it is obſery'd 
of the outward Satellite of Saturn, that it is 
at the Weſt of this Planet ; but chat it is always 
hid when at the Eaſt : Ic is likely that it happens 
for this reaſon, that the greateſt part of its Sur- 
face is darker (that is, does not copiouſſy e- 
nough reflect the Rays of Light every way) 
than the other. This Satellite, like our Moon, 
has very ample Plains or Vallies, which bei 
the darkeſt part, when turn'd towards us, can't 
be ſeen upon account of the ſmall Quantity of 
ek: reflected Light. And as this Saturnian 
Moon is found to be darken'd when it is in the 
Eaftern part of its Orbit, and never in the o- 
ther; it is a plain ſign that the fame Face of 
that Moon always lcoks towards Saturn, that 
Phænomenon being a confequence of this Phæ- 
nomenon, as is evident. And now fince this 
ſame thing is true both of that remoteſt Moo 
and of our Moon, wiz. that the ſame Face is 
always turn'd to the Primary Planet, who can 
doubt of.its obtaining in the other Moons about 
Jupiter and Saturn, tho we have not Obſerva- 
tions to evince the truth of it? 7 
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6356 
SECTION XI. 
the Magnitude and Denſity of the 
97 Satellites, E:! 2 


N endeavouring to find out the Magnitude 
of the Satellites, we ſhall alſo ſuppoſe that 
they, like the Primaries, (about which they 
revolve ) and all other great Bodies in the 
World, did at firſt (by reaſon of the Gravita- 
tion of the parts towards the whole, and 
the Center of- the whole) when their matter 
was fluid, put on a Spherical Fi This a- 
bundantly appeirs to be true in the Moon's Sa- 
tellite of our Earth, from its Monthly Phaſes, 
Eclipſes, and all the other Arguments which 
can be devis'd, as may be ſcen in all Writers of 
Natural Philoſophy and Aſtronomy : This alſo - 
appears, namely, in the Satellites of Jupiter 
and Saturn; for whatever Face they turn to 2 
Terreſtrial Obſerver (for they turn all their 
Faces ſucceflively to the Earth) they appear to 
have a circular Diſc, which only happens in 
ical Figures. | 
Tho the Figure of the Planets be Spherical, 
conſidering any whole Planet, yet fome Inequa- 
licies (and great ones if compar'd with thoſe on 
our Earth) are found on their Surfaces, ariſing 
from 14 e their 1 4 
erting their Forces on parts as are alrea 
hard and ſolid; ſuch as are found in ut ined 
and in the Moon, but are not look d upon as 
conſiderable, in reſpect of their Globes, and 
therefore do not take off from their » 
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In inveſtigating the Magnitude and Denſity 
of the Satellites, we ſhall take our Moon for 
an Example, and compare them with it. 


ProrostTION LIK. 
T O define the Moon! Magnitude, [ Fig. 54.] 


Becauſe from foregoing Propoſitions we know 
both the Moon's Diſtance and the Angle under 
which it appears, that is, (ABC repreſenting 
the Moon, L its Center, and O the Eye) the 
Right line O L and the Angle 40 B, and there- 
fore the half of it 40 L; in the rectangular 
Triangle LAO, rectangular at 4; LA the Moon's 
Semidiameter will be found: Or more rea- 
dily thus: The Diameter of the Moon is to the 
Diameter of the Earth, as the known apparent 
Semidiameter of the Moon to the Moon's known 
Horizontal Parallax, as it is plain. Now the 
Moon is to the Earth (by Prop. 18. El. 12.) in a 
Triplicate Ratio of its Diameter to the Diame- 
ter of the Earth, and therefore it is defin'd. 
2. E. F. 3 

The Magnitude of the Satellites of Jupiter 
and Saturn will be likewiſe defin d, from know- 
ing their Diſtance, and the Angle which each 
of them ſubtends. 


| _ PRoPOSITION IX. 
O define the Quantity of Matter in the Moon, in 
1 reſpett of the Quantity of Matter in the Earth, 
[Fig. 55.] 5 Gs 

Let $ denote the Sun; ABC the Or- 
bis, in whoſe Circumference the common Cen- 
ter of Gravity of the Earth 7, and of the 
Moon L. is carried, as has been explained in 
the xt Book, Let 4 1 that Center = 

nn the 
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the known Time of ſome New- Moon; and B 
the fame Center near the known Time of 2 
Quadrature (the next, for Example.) And 
from theſe two N given you will (by Prop. 18. 
) have the apparent Places of the Sun, 

| ſeek, from the Points A and B: For (by Pro 63. 
B. 1.) that common Center of Gravity of the 
Earth and Moon, goes thro the Magnus Orbis 
in ſuch manner that the Areas cut off by Radii 
rawn to the Sun are. proportionable. to the 
imes. Obſerve the Places of the Sun and 
— from the Eafth at t, and then you will 
now the Angles BtS, ASr; but ASB was 
known , therefore BSr will be known. 
Therefore in the Triangle BS: the Angles Br S 
BSt, being given, and the Side S B (which is 
a Line of the Mun, Orbis, drawn from the 
Sun, and given in Poficion, whoſe Quantity is 
from the Sun's Theory and Parallax known in 
Diameters of the Earth) the Side : B will alſo 
be had in ſuch known Meafures; but :/, the 
Diftance of the Moon from the Earth, is known 
from the Theory of the Moon ; therefore ( by 
the x15 Datum) the Ratio between :I and : B is 
known, and therefore that between Br and BI. 
Moreover, it is known from 'Mechanics, that 
there is the ſame Ratio of the Gravity of the 
Moon to the diſtanc Sun, to the Gravity of the 
Earth to it, that is, (by Corol. Prop 47. B. 1.) of 
the Quantity of Matter in the Moon, to the 
Quantity of Matter in the Earth, as of the 
Right line Bt to the Right-line BI: therefore 
the Ratio of the Quantity of Matter in the 


Moon to the Quantity of Macter in the Earth 
is defin'd. ©. E. F. 


To make chis Obſervation we take one of 
the Times at the SY2YBY of the Sun and om 
an 
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and the other near the Quadrature, that tHe 
Angle BSt may be the greater. | 
The ſame t may alſo, acc to this 
fame Principles, be gather'd from the 
appatent Diameter of the Sun, in the New- 
Moon and the Full-Moon ; for it is (ceteris pas 
#ibus) leſs at the Time of the New-Moon, ard 
greater at Full-Moon. 

= SCHOLIUM. 

The foreſaid Inequalitics in the Motion of 
the Earth, afiſmg from this, that not the Earth 
it ſelf, but the common Center of Gravity of 
the Earth and Moon is carried in the Magnus 
Orbis, and deſeribes Areas (by Rays drawn to 
the Sun) proportionable to the Times, is Alſo 
to be obſerv d in the other Planets. For this 
Monthly Parallax of Mars, when Achronical, 
is twice, and that of Venus, in Conjunctioſn 
with the Sui and Retrograde, thiree times gred- 
ter than the Sun's, (becauſe in ſuch a caſe Mars 
is twice and Venus three times nearer the Earth 
than the Sun ;) but in the other Planets it is al- 
moſt inſenſible. There will likewiſe be the 
fame Inequalities in the Motions of Jupiter and 
Saturn, (which have Satellites) eſpecially when 
all or moſt of the Satellites are on one fide of 
the P : But theſe Primaries are ſo very 
great in reſpect of their Satellites, that this In- 
equality becomes leſs ſenſible. 


PROPOSITION LXI. 
o define the Ratio of 'the Moon's Denſity to the 
4 Earth's Denſity. * 
It has been univerſally demonſtrated in the 
49*h — — that the Ratio of the Denſity ot 
two K W * of the direct * 
| u n 4 0 
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of the Quantity of Matter in them and the in- 
verſe Ratio of their Magnitudes ; that is {in the 

ſent caſe) the Denſity of the Moon is to the 
Denſity of the Earth, in a Ratio compounded of 
the Ratio of the Quantity of Matter in the 
Moon, to the Quantity of Matter in the Earth, 
and the Ratio of the Magnitude. of the Earth 
to the Magnitude of the Moon: But the two 
compounding Ratios are given, by the 59th and 
60th Propoſitions ; therefore the Ratio com- 
pounded of them is given, namely, the Den- 
ſity of the Moon to the Denſity of the Earth. 


PROPOSITION LXII. | 
O define the Ratio of the accelerating Gravity 
towards the Moon on its Surface, to the acce- 
lerating Gravity towards the Earth on its Surface. 
It is plain from what has been before ſhewn, 
that in like diſtances-from Bodies, however un- 
equal, ſo that the Place be taken without them, 
the accelerating Gravities are as the Quantities 
of Matter in the ſaid Bodies; and in unequal 
Diſtances from the Centers of. equal Bodies, 
the accelerating Gravities are inverſly as the 
Squares of the faid Diſtances; and therefore, 
tho' neither the Diſtances nor Bodies are equal, 
the Ratios of the accelerating Gravities towards 
them is compounded of the direct Ratios of the 
Bodies themſelves, towards which heavy Bodies 
tend, and the inverſe Ratio of the Squares of 
the Diſtances from their Centers; that is, (in 
the preſent caſe) the. accelerating Gravity to- 
wards the Moon on its Surface, is to the acce- 
lerating Gravity on the. Earth's Surface, in a 
Ratio compounded of the Ratio of the Maſs 
(or Quantity of Matcer) of the Moon to the 


Maſs 
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Maſs of the Earth, and a Duplicate Ratio of 
the Semidiameter of the Earth to the Semidi- 
ameter of the Moon, (for the diſtances of the 
Surfaces from their Centers are the Semidiame- 
ters of the Spheres) now the former of the 
ee Ratios is given, by Prop. 60. and 
the latter of them, by Prop. 69. and therefore 
the compounded Ratio will be known, namely, 
the Ratio of the accelerating Gravity on the 
Surface of the Moon, to the accelerating Gra- 
vity on the Surface of the Earth. 
By the ſame Obſervations and Reaſoning 
may be defin'd the Maſſes and Denſities of the 
Satellites of Jupiter and Saturn, in reſpect of 
their Primary Planets: And fince their Maſſes 
and Denſities, in + ju to thoſe Qualities 
in the Earth, are defin'd, in the 48th and 4th 
ropoſitions of B. 3. we have defin'd the Maſs, 
. TN and accelerating Gravity near the Sur- 
— of the Planets, contain d in the Solar Sy- 
K 


| 
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BEcrion XII. 


QF the Figure of the Satellites and of the 
Primary Planets arifing from their mutu- 
r 


M Ltho' the Mountains and Vallies upon the 
4 * and the Eminencies an Earnies 
t gon (Which appear to ſuch upon 
dccount of ti Shadows projected according 
to the different Situation of the Sun) do not 
hinder thoſe Bodies from being round, as has 
pen ſaid before ; yet there are ſome univerſal 
Deviations or Differences from a Spherical Fi- 
gure, which are not to be omitted; as for Ex- 
ample, the prolate Spheriodical Figure, which 
has in Prop. 31. B. 1 been ſhewn to belong to all 
fluid Bodies turning round their own Axes. But 
by reaſon of the ſlowneſs of the Rotation in the 
Lunar Globe, which is not perform'd in leſs 
than a Periodical Month, the deviation from 2 
Spherical 12 ariſing from it will he almoſt 
inſenſible, if it be compar'd with the like devi- 
ation in the Earth, as will be ſhewn in the fol- 
lowing Propoſition. 

For another reaſon the Moon is of an ob- 
long Spheroidical Figure, whoſe Axis produc'd 
goes thro' the Center of the Earth. For ſince 
the cauſes of this Figure of it are remarkable, 
and its effects no leſs ſo, it is fit to take the mat- 
ter higher; eſpecially ſince it will be a means to 
explain the Phænomenon of the Tide, which 
is the moſt remarkable thing of thoſe, which 


hap- 
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happening on the Earth, are producd by Ce- 
leſtial Bodies as we ſhall ſhew it to 3 55 


ProPoSITION LXIII. | 
O define the Moon's prolate Spheroidical F 


ure. 1 CRE 
This Problem may be folv'd after the ſame 
manner as in Prop. 53. B. 3. whete the Figure of 
the other Planets is determined: For we have 
the Ratio between the Diameters of the Earth 
and Moon about their own Axes, by Prop. 56. 
therefore we have (by Prop. 26. B. 1.) the Ratio 
of the Centrifugal Force at the Æquator of the 
Moon to the like Force in the Æquator of the 
Earth: But the Ratio between the Centrifugal 
Force at the Equator of the Earth, and the 
Gravity on the Earth's Surface is given, (by 
Prop. 52. B. 3.) and (by Prop. 42.) you have the 
Ratio -of * Gravity on the Surface of the 
Earth, to the Gravity on the Surface of the 
Moon; therefore the Ratio compounded of 
thoſe Three will be given ; namely, the Ratio 
of the Centrifugal Force in the Moon's Aqua- 
tor, to the Gravity towards the Center of the 
Moon, which obtains on its Surface, which (in 
the {aid Prop. 52. B. 3.) has been ſhewn to be 
the ſame as the Ratio of the Exceſs of the 
Moon's Xguatorial Diameter above its Axis. 
Therefore (by the 6th Datum) we ſhall have the 
Ratio between the Moon's Axis and any Diame- 
ter of it, which is perpendicular to the Axis ; 
that is, between the Axis of an Ellipſe by whoſe 
Rotation about the ſhorter Axis a prolate Sphe- 
roid like the Moon is generated. Ker 
The aforeſaid Ratio comes ſo near the Ratio 
of equality, that the prolate Spheroidical Fi- 
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664 The ELEMENTS Book IV. 


e of the Moon, ariſing from it, differs very 
Fierle From a Spherical one: e 


ProPOSITION LXIV. 


F the Globe of the Earth was every where covered 


with a deep Sea, it would nearly put on an ob 


idical Figure, whoſe Axis produc'd wee d paſs 


8 
io the Moon. [Fig. $61 
e 


Let a Circle, whole Center is 7, repreſent 
the Earth, and a Circle whoſe Center is L the 
Moon: It is plain, that if neither the Moon nor 
any other Body acted on the Earth, if the 

h was every where cover'd with a Fluid, it 
wou'd be Spherical, except ſo much as its Fi- 


gure wou'd differ from a Sphere upon account 
of the reaſons ſhewn in Prop. 31. B. 1. which 


deviation is not to be taken notice of here. But 
becauſe all the parts of the Earth gravitate to- 
wards the Moon, and the Gravity towards the 
Moon (as well as towards any other Body) is 
reciprocally as the Square of the Diſtance from 
its Center; if (as it has been explain'd at large 
in the Soth Prep. of B. x. and in Prop. 1. B. 4.) 
the Right line LT is put for the accelerating 
Gravity of a Body plac'd in the Earth's Cen- 
ter towards the Moon, and E (in the firſt fig. 5 6.) 
be any Particle of the marine Fluid or of the 
Sea, and if in the Right line LE (or LE pro- 
duced) LK be taken equal to LT, and LF be 
taken ſuch as to be to LK in a duplicate Ratio 
of LK to LE; LF will expreſs the Gravity of 
a Body plac'd at E towards L, which (as is 
commonly known') is divided into Forces, 
which are as FG, and GL, and in the Di- 
rections of thoſe Lines: But if from that 
Force, by which the Body, poſited at E, is 
urg d, you take away a Force which is as T, 


by 
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by which the Center of the Earth, together 
with the whole Earth, is urg'd towards the 
Moon; there will be left Forces as FG and GT, 
with the Directions FG and GT, by which a 
Body at E is urg d, beſides the Force cf the 
oper Gravity, by which E tends towards the 
5 of the Earth. In the ſecond g. 56. 
things remaining as before, let C be a Point of 
the Earth, to which the Moon is in the Zenith, 
and A one to which the Moon is in the Nadir, 
B and D the Points round about (or rather à 
Circle) to which the Moon is in the Horizon. 
It is plain that the Point G is very much diſtant 
from 7, when the Point E is either in C or in 4: 
In the firſt caſe, G will change its Place and get 
to M, and in the latter caſe to N. But when 
the Point E is found in the Circle BD, the 
Point G nearly coincides with 7, and in the 
parts of the Fluid in the ſaid Circle B D, there 
no Force left beſides that of their own Gra- 
vity, and the Force FG in the direction FG; 
but FG in this caſe becomes BT or DT, the 
Point F falling in with K. Since therefore the 
particles of the Fluid at C and 4, beſides their 
own Gravity towards the Center 7, are urg'd 
by Forces, as MT and NT, that is, thoſe ar C, 
with the Force MT in a direction from M to- 
wards 7, that is, from C towards L; and thoſe 
at A with the Force NT in a direction from N 
towards 7, that is, from A towards M ; they 
will not gravitate ſo much towards the Center 
T as if the Force ariſing from the Moon was a- 
way: Bur the Particles at C are more attracted 
towards the Moon, than the whole Earth, 
which is look'd upon as plac'd in the Center 7; 
and the Particles at A are leſs drawn towards 
the Moon than the whole Earth at 7, and _ 
ITS. R = 
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fore being as it were left behind after the Earth, 
are affected after the ſame nts as 2 they 
were drawn to contrary parts towards M: But 
the Particles in the Circle BD, to whoſe Inha- 
bitants the Moon is in the Horizon, have more 
Gravity towards 7; for beſides their proper 
Gravity, another, as BT or DT, ariſing from 
the Force of the Moon, is ſuperadded in the di- 
rection from B or D towards 7, But in the in- 
termediate Places between A or C, * B or P, 
partake of both theſe conditions, of which the 
fixſt or the laſt prevails as they are nearer to the 
firſt or to the laſt Places; namely, by how 
much nearer the parts of the Terreſtrial Fluid 
are to the Points C and 4, by ſo much leſs hea · 
vy are they, ion of the Moon 
(that is, a Force as G T) diminiſhes the Force of 
their own Gravity towards 7, and by bow much 
nearer they are to the Points B; and D, by fa 
much heavier are they, the ſame Action of the 
Moon encreaſing their proper Gravity in that 
caſe by a Force as FG. But as the Globe ABCD 
is ſuppos'd every where cover'd with a pretty 
deep Fluid, that is, ſuch a one whos Particles 
eaſily yield to each other, and w "6 Proper 
Motion is very free ; it is plain that thoſe 


- 


ole parts 
of the Fluid which are at 4 and C, will be 
thruſt out by the parts which are at B and D, 
namely, the 7 by the Heavier, according 
to the Laws of Hydroſtatics. Therefore the 
Fluid at 4 and C, and near thoſe Points, will 
ſtand up or be rais'd, but in:the Circle BD and 
near it, it will ſubſide, till the greater Quantity 
and Height of the one is compenſated by. the 
greater Gravity of the other; ſo that Earth if 
every where cover'd with a deep Fluid, will 
form itſelf as it were into an oblong Sphgragd, 
| | whoſe 
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whoſe Axis is AC a Right line which. produc'd 
will paſs thro” the Moon. 2. E. D. 


„ 
For the ſame reaſon the Terreſtrial Fluid will 


put on nearly. ablong pheroidical Figur 
whoſe Axis — . r: de ce Sim For if, 
in the foregoing reaſoning, the Body L does not 
ſignify the Moon, but the Sun, the Propoſition 
is plain, But the Axis of this Spheroid does 
not ſo much exceed the Diameters which are 
dicular to it, as it does in the Spheroid 
that the Moon produces For, becauſe the E- 
levation of the Fluid at C, under the Moon L, 
ariſes from this, that it gravitates more towards 
the Moon than the Earth itſelf (which is to be 
look d upon as plac d at 7,) becauſe it is nearer 
to it; but its Elevation at the Point A ariſes 
from this, that the Earth at I gravitates more 
towards the Moon than the Fluid at 4 as being 
nearer to it; the Fluid at C drawn by the Moon 
(to uſe Kepler's Expreſſion) leaves the Earth be- 

ind it, but the Fluid at A is as it were left 

the Earth: If this is occaſion d by the Sun's A- 
Aion, the Effects won t be ſo ſenſible, becauſe 
the Semidiameter TC or TA of the Earth almoſt 
yaniſhes, in reſpect of the immenſe Diſtance 
between the Earth and the Sun, which, in re- 
ſpect of the Diſtance between the Earth and 
e Moon (which ſcarce exceeds thirty Diame- 
s of the Earth) is ſenſible enough; and there- 
Te the Gravity of the Fluid at C is but inſenſi- 
bly greater towards the Sun than at 7, and the 
Gravity of that part of the Fluid which is at 4 
inſenſibly leſs than the Gravity of the part of 
iewhich is at 7; whence the Spheriod thus pro- 
duc'd by the Sun will be but little rais'd above a 
"we © 2 — Shears 
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Sphere at its Vertices C and A, and little de- 
preſs'd below the ſurface of a Sphere in the Cir- 
cle BD. Yet this Elevation of the Terreſtrial 
Fluid in C and A, and the De n of it in 
the Circle B D, will be ſomething ſenſible, up- 
on account of the immenſe Forces of the im- 
menſe Body of the Sun, tho at a vaſt diſtance, 


ProPOosITION LXV. 
2 A 
1.3 


HE Flowing and Ebbing of the Sea 
| to the oblong Spheroidical Landy 

that covers the Globe of the Earth, whoſe Axes pro- 
duc d go thro' the Sun and Mon. 

Kepler was the firſt (that T know of) that 
diſcover'd the true canſe of the Tide, and he 
explains it largely in his Introduction to the Phy- 
fies of the Heavent, given in his Commentaries to 
the Motion of the Planet Mars, where after he has 
ſhewn the Gravity or Gravitation of all Bodies 
towards another, he thus writes : The Orb of the 
attracting Power, which is in the Moon is extended as 
far as the Earth, and draws the Waters under the 
Torrid Zone, acting upon places where it is vertical, 
inſenſibly on included Seas, but ſenfibly on the Ocean, 
whoſe Beds are large, and the Waters have the liberty 
8 that is, of riſing and falling; and in 

70th Page of his Lunar Afronom, — But the 
cauſe of the Tides of the Sea appear to be the Bodies 
1 the Sun and Moon drawing the Waters of the Sea. 
frerwards that incomparable Philoſopher Sir 
Iſaac Newton, improv'd the hint, and wrote fo 
amply upon this Subject as to make the Theory 
of the Tides his own, by 2 the Wa- 
ters of the Sea riſe under the Moon and the 
Place oppoſite to it: For Kepler believ'd that 
the Imperus *. by the preſence of the 
Moon, by the abſence of be" Mili occaſions 
| |  anothey 
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another Impetus; till the Moow returning, ſtops 
and moderates the Force of that Impetus, and 
carries it round with its motion. Therefore this 
Spheroidical Figure which ſtands out above the 
Sphere (like two Mountains, the one under the 
Moon and the other in the place oppoſite to it) 
together with the Moon (which it follows) is 
carried by the Diurnal Motion, (or rather, ac- 
cording to the truth of the matter, as the Earth 
turns towards the Eaſt it leaves thoſe Eminen- 
cies of Water, which being carried by their own 
motion ſlowly towards the Eaſt, are as it were 
unmov'd) in its journey makes the Water ſwell 
twice and fink twice in the ſpace of 25 Hours, 
in which time the Moon being gone from the 
Meridian of any Place, returns to it again. But 
becauſe (by the Schol. of the foregoing Prop.) 
the Terreſtrial Fluid riſes alſo in the Places 
where the Sun is in the Zenith. or Nadir, tho' 
leſs than when the Moon is in thoſe Places ; 
in the Conjunction and Oppoſition of the Lu- 
minaries the ſaid Eminences of Water will alſo 
be joyn'd, the greateſt Elevation will happen 
when both.the-Luminaries are (at the Conjuncti- 
on) in or near the Zenith,or (at the Oppoſition) 
the one in the Zenith and the other in the Nadir ; 
alſo the greateſt Depreſſion will happen when the 
Luminaries are both at the Horizon, becauſe the 
Water is at one time raiſed by both the Forces, 
and at another time hinder'd by. them. In the 
Quadratures of the Luminaries the Sun raiſes 
the Water where the Moon depreſſes it; and 
from the differences of the Forces the leaſt ele- 
vation of the Water ariſes, and alſo the leaſt de- 
preſſion. Between the Syzygies and Quadra- 
tures of the Luminaries, the Effects appear to 
be intermediate, as the Cauſes require they 
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If the Moon & in the EquinoRial Circle, the 
two _ Emittences of Water will be in the 
Terreſtrial quator, and each of them deſcri> 
bing with its Motion that Oitele of the Earth 
willbe more agitated,and therefore will be rais'd 
up higher againſt the Shore when it teaches it; 
befides that ſince the Earth's Diameter is greatee 
than any other Right line drawn thro' the Cen- 
ter of the Earth and terminated on either ſide by 
its Surface, the Water will by the Forces of the 
Luminaries be raĩſed (cteris paribus) to a greater 
height in that Circle than any where elſe. And 
therefore when the ewo Lumiraries are in Con- 
junction or Oppoſition in che Aquator, they 
joyn their Fotces to raiſe the Water in the Ter- 
ſtrial Æquator, which happens in the Syzygies 
near the Equinot; that is, ſuch as happen on 
the Months of March and September; the Tides 
then produc d will be the greateſt and the moſt 
agitated, and the Tides which in the ſaid 
onths happen in the Quadratures will be the 
teaft of all and the leaft agitared, as being the 
Effects of the difference of the Forces of the 
Moon in its greateſt: Declination from the #- 
quaror; (namely, Shen the Moon is in Quadra- 
ture to the Sun in the quator, and therefore 
in the Solſtitial Points of the Zodiac) and theore- 
fore produces the leaſt and leaſt agitated Tide, 
and fo being the occaſion that the Sun, which 
has no Declination, produces its greateſt and 
moſt agitated Tides; the contrary of which 
happens about the Solſtices, when the leaſt 
Tides happen whilſt the Luminaries are in the 


Syzygies, (I mean the leaſt of thoſe that do hap- 


pen in the Syzygies) and the greateſt (taken in 
the ſame Senſe) in the Quadratures. 


Again, 
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Again, the Tides (ceteris paribus) are greateſt 
when the Luminaries are in their Perigzum, 
and leaſt when in their Apogzum ; and as that 
happens to the Moon at the time of every Lu- 
nation; but to the Sun only in Winter; this, 
d with the fotmer canfes, occaſions the 
greateſt Tides to happen in the Syzygies, and 
the leaſt in the next Quadratures before the 
Vernal and after the Antumnal Æquinox. 

We have hitherto conſider d the = pr of 
the Tides as they affect the whole Globe of the 
Earth: Now we muſt conſider them accordi 
as they happen in Habitations or Places of di 
ferent-Laritudes. In order to which let ERA NH 
LX. 7. repreſent the Earth, whoſe Center is 
T, the Pole A and B, this the North Pole and 
the other the South Pole, E A the Equator, 
and the Circles CD, FG, two Parallels to it 
the laſt being on the North-fide, and the firſt 
on the Sourh-ſide of it. Let the Fluid circum- 
fus d about the Earth, form it ſelf into an oblong 
Spheroid pointing to the Moon, whoſe Axis 
K H, being produc'd d E, will go thro” 
the Moon, as has been ſhewn in the foregoiti 
Prop. the Right line TH, or TK, will be th 
greateſt Height of the Water (reckoning from 
the Center) and TM or TN the leaſt, namely, 
the Height of Water that is found in any Point 
of the Circle N M ; as for Example, X or Y where 
it meets with the Parallek CD and FG. The 
Right lines TC, TF, TD and TG, will ſhew the 
Height of the Water in the reſpective points 
C, F, D, and G; and the Circle P O being drawn 
parallel to the Circle NA, the Right line T0 
will be equal to the Height of the Water in the 
Points O,, S, Rand P, where the faid Circle PO 
meets with the ÆEquator and the reſpective Pa- 


this 
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rallels. Things being thus laid down, let us 
conſider the Place which by its Diurnal Motion 
deſcribes the Parallel C D: It is plain, that when 
this place is in D, the Height of the Sea TD, is 
the greateſt; that is, that it is high Tide or. 
Flood when the Moon L is in the Meridian; 
but afterwards that in the ſame Place the Heighc 
of the Water is the leaft, when the Place by its 
revolution is come to X, as has been ſhewn be-« 
fore; and again, that it is Flood when the Place 
is come to C. But becauſe T'D is greater than 
TC (as being nearer to the longeſt line 7H) in 
the preſent caſe when the Moon declines to the 
eleyatedPole, the Height of the Sea will be grea- 
ter when the Moon is in that part of the Meridian 
above the Horizon, than when it is in the hart of 
the Meridian which is below it. Likewiſe 76 is 
leſs than TF, being nearer to TA; that is, in the 
Place, which by its Diurnal Motion deſoribes the 
Parallel FG, the greateſt Height of Water, which 
happens when the Moon declining towards the 
depreſs d Pole , is in that part of the Meridian 
which is aboye theHorizon, is leſsthan the great- 
eft Height which happens whilſt the Moon is 
come to the other half of the Meridian. | 
Moreover, the difference of the faid Tide, 
which is alternately higher or lower (in a Place 
ſituated out of the Æquator, as the Moon comes 
to the viſible or hidden part of the Meridian) 
will be greater, if ic be joyn'd with ſome of the 
cauſes before explain'd which produce the ſame - 
kind of effects, as for Example, at the time of 
the Solſtices; for then each Luminary ve 
much declines from the Zquator, on which 
Declination it has been ſhewn that the altera- 
tion of the Tides depend. And the Effects will 
yet be encreas d, if the aſcending Node 5 the 
oon 
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Moon's Orbit be in the Vernal Æquinox; fot 
then the Moon being in Conjunction with the 
Sun, beſides a Declination equal to the Sun's ot 
_ greateſt Declination, does then (being in the b., 
my decline 1 to 1 * or South b 
y the Quantity of its greate titude. 
Things would be exactly thus, if the Globe 
of the Earth was cover'd with Water of a ſuffi- 
cient depth; but by reaſon of great and ſmall 
Iſlands which ftop the Tide, and the Streights 
- between them, alſo the Shelves and Shallows, 
along which the Tides are to be propagated, 
the variety of this Phænomenon is almoſt infi- 
nite. But when you know the ſituation of 
them in reſpe& of each other, and juſt obſerva- 
tions of the Tide are exactly had, you may find 
out the Reaſons of all the particular Phznome- 
na of the Tide, becauſe they naturally flow from 
What has been laid down. But as theſe are not 
to our purpoſe, and even what we have hithet- 
to ſhewn, are only as Lemma's for determining 
the Figure of rhe Moon, we ſhall not enter upon 
the detail of ſuch Particulars. | 
PRO OS HTIoR LXVI. Lemma © 
F the Moon : Globe was every where covered with 
4 deep Sea like our Sea, it ond put on the Fi- 
gure of an oblong Spheroid whoſe Axi produc'd wiu'd © 
paſs thro the Earth: And the Height of the Lunar 
Fluid, in the parts of the Moon which are towards 
ut, and thoſe that are turn d from us, above a Sphere 
zuſcrib d in the Spheroid, wou'd be to the analogous 
Height of our Sea in the parts which are under the 
Moon, and thoſe which are diamitrically oppoſite to 
them, above a Sphere inſcrib'd in the Spheroid, in 4 
Ratio compounded of the Ratio of the accelerating 
Gravity of rhe Moon towards the Earth, to the ac- 
celetating Gravity of the Earth towards the Moon, 
Ooo | and 
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and the Ratio of the Moon's Diameter to the Earth's 
Diameter. 

That the Lunar Fluid wou'd riſe up into 2 
Spheroidical Figure, whoſe Axis wou'd paſs 
* the Earth is plain from the fame Argu- 
ments, which we made uſe of in the 6 Sf Prop. 
to prove that the Terreſtrial Fluid wou'd put on 
ſuch a Figure. For ſince it has been ſufficiently 
ſhewn in the firſt Book, that all Bodies are hea- 
vy, we may very well ask with in his 
Lunar Aſtronomy, Why we may not ſay that the Earth 
draws the Lunar Waters, as well as the Moon draws 
the Terreſtrial Waters ? Moreover, if the accele- 
rating Gravity of the Earth towards the Moon 
was equal to the accelerating Gravity of the 
Moon towards the Earth, (that is, if there 
was tlie ſame Quantity of Matter! in the Moon 
as there is in the Earth;) it is plain that the 
Fluids of the ſame Denſity wich which theſe 
two Globes are covered, will put on ſimilar 
3 Figures. For there can not be 


8 chought of why the, Fluid of one 
lobe ſhou'd into a more ſharp Spheroid 


than that of the other: For, excepting the 
| Maſs alone, in. the preſent caſe, all things are 
N mu ſides. And when all things ne- 
15 1 for 5 every kind of Equality 
pos d, except the Maſs, inſtead of a 
kind © quali 1 Likeneſs or Similarneſs will 
produc d. e two Schemes [ fg. 58.] will 
few che ſimilar Spheroidical Figuresin which the 
Moon ( whoſe Center is L)and the Earth (whoſe 
Center is T) wou'd raiſe alternate Fluids of equal 
Maſs or Denſity; LB, TA the Axes of thoſe Fi- 
gures wou d lye ia direct um, by Prep. 64. If the 
Spheres FD, EC, cutting the Axes in C and D, 
be r to be inſcrib d 83 
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by reaſon of the ſimilarneſs of the Spheroidical 
Figures in the preſent caſe,” B L will be to LF 
as TA to TE, and by dividing, BD to LF, as 
ACtoTE, and again, B D WAG 1 L Fo 
TE; that is, if the _— 
Earth — the Moon, i'r No 2 
wards the Earth was equal, " Elevarion of the 
Lunar Fluid in che neareft and the remoteſt 
parts above the inſcrib'd Sphere, wou'd be to 
the analogous Elevation of the Terreſtrial Fluid 
in the places under the Moon and thoſe that are 
oppoſite to it, as the Diameter of the Moon to 
the Diameter of the Earth. Again, if che 
Earth and the Moon had equal Diameters, the 
Heights above the inſcrib'd Spheres, to which 
Fluids of equal Denſity wou d riſe, wou d be as 
the accelerating Gravities in the attracting Bo- 
dies themſelves; that is, the Height of the Sphe= 
roid to which the Lunar Fluid is rais'd above 
the Sphere, in the parts neareſt co and fartheſt 
remov d from the Earth, wou'd be to the like 
or ſimilar Height of the watry Spheroid above 
the inſcrib d Spbe phere, to which the Terreſtrial 
Fluid is rais d, as the Moon's accelerating Gra- 
vity towards 'the Earth, to the 1 
Gravity of the Earth toward the Moon. 
therefore tho neither the accelerating e 
of the Earth towards the Moon be equal to hs 
accelerating Gravity of the Moon towards the 
Earth, nor the Diameter of the Moon equal to 
the Diameter of the Earth ; 2 the Height of 
the Lunar g: the Sp 2 ( inſeriby 4 So 
2 on thoſe parts o Moon 
— d towards us, and thoſe which are 
cum d A from us, will de to the analogous Height 
to which our Sen, in thoſe places that are un- 
der the Moon, and ſuch places às are diametri- 
| Oooa cally 
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ſite to them, does riſe above the 
Schere iferibd in the Spheroid, in a Ratio 
compounded of the Ratio of the Moon's Dia- 
meter to the Diameter of the Earth, and the 
Ratio of. the accelerating Gravity of the Moon 
towards the Earth, to the accelerati 


ting Gravi 
of the Earth towards the Moon. 2. E. D. w 


ProrosITION LXVII. 
"T O define the oblong Spheroidical Figure of the 
Moon | 


It has in former Propoſitions been ſhewn, that 
the Moon was fome time every where cover'd 
with a Fluid (which appears from its Spherical 
Figure) and that that Fluid has been of an ob- 
long Spheroidical Figure, whoſe Axis thro” 
the Earth, But becauſe almoſt the ſame Face 
of the Moon is always turn'd towards the Earth, 
(which happens upon account of the Moon's 
Period: about its own Axis being equal to the 
Moon's Period about the Earth, as was ſhewn 
in the 68*h Prop.) the Situation of the Eminen- 
cies of that Spheroid beyond the Globe of the 
Moon will always be the ſame on the Moon's 
Surface. Then as the Fluid or ſoft Matter of 
the Moon, became hard by degrees, the Emi- 
nences of this Spheroid on the Moon's Surface 
being at reſt, alſo became hard, and the Moon 
from ſoft becoming hard, retains this oblong 
| Spheroidical Figure; otherwiſe than it happens 
in the Earth, in which the Fluid Eminences of 
the:Spheroid above the inſcrib'd; Sphere, upon 
account of the ſwift Motion of the Earth about 
its own Axis are in a perpetual Rotation about 
the Earth and preſerve their Fluidity. - 
Io determine of what kind this Spheroidical 


Figure is, we muſt obſerve that in the forego- 
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ing Prop. it has been demonſtrated that the Ex- 
cels of the Axis of an oblong Spheroid above 
the Diameter perpendicular to it, is to the Ex- 
ceſs of the 


the leaſt Height of it in a Ratio compounded 
of the Ratio of the accelerating Gravity of the 
Moon towards the Earth, to the accelerating 
Gravity of the Earth towards the Moon, and 
the Ratio of the Moon's Diameter to the Dia- 
meter of the Earth: Bur each compounding 
Ratio is given, the firſt from the 624 Prop. the 
laſt from Prop. 59 therefore the compounded 
Ratio is given, namely, the Ratio of the Exceſs 
of the Axis of the Moon's Spheroid above the 
Diameter which is perpendicular to it, to the 
Exceſs of the Height of our Sea, occa- 
ſion d by the Force of the Moon alone above 
the leaſt. But this Exceſs is given by erva- 
tion ; therefore the other alſo, namely, 
ceſs of the Axis of the Lunar Spheroid above 
he Diameter perpendicular to it: But the 
Moon's Diameter is given, by Prop. 59; there- 
fore alſo the requir'd Axis of the oblong Sphe- 
roid. And therefore alſo the Moon's oblong 
Spheroidical Figure is defin'd. 2. E. FE. 
The Figure of the Moon is compounded of 
the prolate Spheroid,. defin'd in Prop. 63. and 
of the oblong one determin d in this 67") Pro- 
poſition. But if its Surface was cover d with 
a Fluid, there would beſides be a third ob- 
long Spheroidical Figure, made by the diſtur- 
bing Force of the Sun, whoſe Axis produc'd 
wou'd go thro' the Sun, and therefore whoſe 
Eminences, in bne Rotation of the Moon a- 
bout its own Axis, wou'd go over the whole 
Compaſs of the Moon like oyr Tide. The 
000 3 high- 


greateſt Height of our Sea, occa- 
fion'd by the Forces of the Moon alone above 


the Ex- 


— 


— 
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higheſt re of this Fluid above the de- 
ſin d Page, of the Moon, wou'd be to the 
12 our Sea, produc'd by the Sun's 
Force only, as the Diameter of the Moon to 
the Diameter of the Earth, and therefore 
known. 
What has been ſaid of the Earth and of the 
Moon its Satellite, is, alſo true of Jupiter and 
Saturn-and their Satellites, if thoſe great Bodies 
either now are, or have fotmerly — Fluid: 
For the mutual Gravity of Bodies, the Endea- 
vour to recede from the Axis of Motion in ro- 
mted Bodies, and the nature of a Fluid, are the 
e Saturn as as the Earth. 


i. 
\ 


. = of 


— 


szerton XII. 
Of Saturn's Ring. and irt Phoſer, 


Aring ſhewn and demonſtrated the Geo- 

' metrical Methods by which the reaſons of 
what has been obſerr'd' of the Secondary Pla- 
nets and their Phaſes are explain'd, and their 


Quantities are determin d, the ſume muſt be 
done in reſpect of -the Ring or Arch which en- 


compaſſes Saturn, becauſe it may be look d up- 


on as a Satellite, and therefore ought. here to 
be ſpoken of, now that we have explain'd other 
things concerning Satellites. b 


* e I XV 
'O define 


the Magnitude, Figure; and Situation 
of the Ring which + Saturn. 
Saturn's Ring is thin, plan, and no where 
cohering to Sarurn' s Globe; L fig. F9.]the laſt of 
wo is plain, becaiſe we can fee the Fix d 


Stars 


BobkIV. of Az TRONOMY. 679 


Stars 'ehiro". the Space GCB, between the Ring 

The Semidiameter of the Ring is to the Semi- 
diameter of Saturn as Two and a half to One 
and the Interſtice between the Globe of Saturn 
and GC H, the inner Limb of the Ring is equal 
to CD, the breadth of the Ring. Its two Sur- 
faces, viz. GDFHC ſeen here, and the other 
hidden one parallel to it, are Planes, but yet 
not poliſ d like a Speculum, but reflecting the 
Light of the Sun that falls upom it, every way. 
The thickneſs of the Ring, or the diſtance be- 
tween the v ſaid Planes, is ſenſible, tho not 
very great: It eicher does not at all, or does but 
very lictle reflect the Sun's Rays falling upon it; 
2 perhaps — — 1. the Light 
diverging one P not coming at 
hs _ x ws 


This Ring, (which, upon account of its Gravi- 
ty towards the Center of Saturn, is like an Arch 
every where ſatuin d at an equal Diſtance from 
Saturn) if it has any Revolution, has it about 
its own Axis, or a Right line drawn from the 
Center perpendicular to its parallel Surfaces; 
and therefore, by reaſon of its Uniformity, ap- 
pears to 2 diftant Obſerver to be ar reſt. It is 
very probable 


that Saturn itſelf revolves about 


Ring, in the produc'd Plane of Saturn's Æqua- 
tor, encompaſſes this Planet at a Diſtance from 
its Surface ſomething greater than the fourth 
of its Diameter. | | 25 
All theſe things appear to an Eye aſſiſted with 
A Teleſcope, and are meaſur'd by the help 
"a Micrometer; that is, are compar d wich 
the Globe of Saturn. 6 


000 4 Saturn 
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Saturn encompaſs d with his Ring, is carried 
about the Sun in its Orbit, after the ſame man- 
ner as the Earth in its Orbit, which we have de- 
ſcribd in the zoth Prop. of Book 1. namely the 
Ring, and therefore perhaps the Fquator of 
Saturn, are carried in the Plane of the Orbit, 
the Axe always being parallel to itſelf; and the 
Plane of the Ring is always inclin'd in the ſame 
Angle, namely, of 234 Degrees, to the un- 
mov'd Plane of the Ecliptie, and therefore al- 
way ao the ſame Angle to the Orbit of Saturn. 
About the Year of our Lord. 1659, the com- 
mon jnterſection of the Ecliptig and of the 
Plane of Saturn's Ring, was.obſery'd by Chri- - 
. fian Hagens, to be in the 205 Degree of Virgo, 
and the 205 Degree of Piſces: For at that time, 

when Saturn was in thoſe Points, it appear d 
without Handles or its Ring; in the 204 Degree 
of Gemini and Sagittarius, namely, the moſt re- 
mov'd Points from the former, the Handles ap- 
pear'd the moſt open and drawn aſunder, be- 
cauſe the Circle of. the Ring being then ſeen 
with very little Obliquit puts on the Figure 
of a broad Ellipſis. Hut wo the ſaid Points 
at 204 Degrees of m, and of X, are not very 
far diſtant from the Points where the common 
Interſection of the Terreſtrial Æquator, with 
the ſaid Plane of the Ecliptic, going thro! the 
Sun meets with the Ecliptic, and theſe two 
Planes are inclin'd in equal Angles to the Plane 
of the Ecliptic; theſe. two Planes, namely, 
that of the Æquator, and that of Saturns 
Ring, will be nearly parallel to each other. 
And therefore if this Ring be obliquely look d 
ppon from the Earth, and for this reaſon ap- 
pears Elliptical, the greater Axis of this Ellipſe 
Will be nearly parallel to the Celeſtial Æquator. 


It 
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It is likely that the ſaid Right line (which is 
the common Interſection of- che Plane of the 
Ning of Saturn, and the Plane of the Ecliptic) 
is'carried is antecedentia, by an angular Motion, 


If this Ring be connected with Saturn's qua- 
tor magnetically, or by any other impercep- 


tible manner (for it ĩs plain from Obſervation 
that it touches it no where,) ſd that the Planes 
of them may always coincide in one; Saturn's 
inoctial Point will go backward : For this 
Ring is ſo much redundant Matter about Sa- 
turns Aquator 5 whence (by Prop. 64. B. 1.) we 
find the Motiolffof thoſe Points in anteceder:in, 
aſter the ſame manner as that of the Terreftrial 
Z&quino&ial Points. If the Ring, like a Se- 
condary Planet; 'performs its Motions, not de- 
pending upon Saturn's Globe, the Regreſß of 
the foreſaid Line will be plain, from Prop. 14. 
Book. 4. O01 4  CRIO< It wats 4 5 i 
Moreover, the Angle Which the Plane of 
the Ring contains With tlie Plane of Saturn's 
_ Orbit, will be greater, by Prop. 15. when Satur 
is in their common Interſectlon, than when it 
is any where elſe; and leaſt of all when Saturn 
is moſt, diſtant from it: But theſe Changes are 
ſo ſmall as to bo fcarce obſervable from the 
Bc ene 27 + 3 


41-22 > PxoPostTrIon LXIX 
No deſeribe and define the Phaſes of Saturn's Ring, 
ſees from the Sun. [Fig. 60.]J © 


We begin by what Phznomena happen when 
the Spectator's Eye falls in with, or'is at the il- 
luminating Body, as being the moſt ſimple and 
leadirig to the others. Firſt, it is plain, that 
when: Saturn is ſeen from the Sun, as at A or I, 
(in the Figure where we have repreſented Sa- 


turn, 


— — — Book IV. 
— > 4 carried 2 to 


: = 

N 

. 

: 1 

1 
* * 


Ecliptic, in an Angle of 234 ay : 
ſince this Edge does not reflect the 

been ſhewn in the foregoing 
extended beyond 
the Ring - 
ſc, it will look. like a dark Line in- 


clin'd. in the manner before mention d, drawn 
thro” the Center pf. che Ihiles But this dark 
Line alſo will a 


times above che. 


in A , ſome- 

* the Diſc, - and foine- 

times bent — it, as the Situation of the 
dark Edge requires. 

As Saturn goes from 4, thro B, C, &c. to- 
wards E, or from I, thro K, E, &. towards N, 
the Sun is b — rais d above the Face of 
the Rings Ene 7 RS. one or W till 83 


| 4th of i Fee is 4 
the Plane of the Ring, 


bout 235 EIS ORE che Ring, 
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in which caſe that Face of the which 
on oy is moſt illumiated of any, 
by reaſon of the incidence of the Sun's Rays, 
which are then very direct: And the Circular 
Limb of the Ring, the Eye being alſo plac'd 
in the Sun, will, from the Laws of Optics, ap- 
pear an Ellipſe, 'whoſe greater Axis is three 
times the length of the leſſer, as the Radius is 
almoſt three times. the Sine of 23+ Degrees. 
And then as Saturn goes from E, thro' E, G, &c. 
towards J, or from N, thro O, P, &c. towards A, 
the Sun's Elevation above the enlighten d Face, 
is by degrees dimimifh'd, till ac laſt ic enlightens 
neither Face, but throws its Rays along or pa- 
rallel to both of them: In any intermediate 
Situation the enlighcen'd Face wilt be more or 
leſs ſo, according to the or leſs Diſtance 
of Saturn from the Situation 4 or I, and the 
circular Ring will appear under the Shape of a 
more or more dilated Ellipſe; name- 
ly, its greater Axis will be every where to its 
r, as the Radius to the Sine of the Angle in 
which a Right line, drawn from the Eye to its 
Center, is inelin d to the Plane of the Ring. 
The forefaid Angle in which the Sun (or an 
- Eye in the Sun) 3s rais d above the Plane of the 
ing, in any Situation of Saturn (namely C) 
is equal to the Angle in which the Sun is rais'd 
above the Plane of the Terreſtrial Æquator, 
(that is, to the Sun's Declination from the - 
quator) when the Earth is diſtant from the 
Point where ir is Æquinox to the Inhabitants of 
the Earth, by an Angle to ASC,' and 
therefore it may eaſily- be found by the Table 
of gt of the e the 3 
For (by the foregoing Prop.) the greateſt Eleva- 
tion of the Sun above the Plane of the 1 
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Equator is 1 to a, greateſt Elevation 
= the e Plane 0 
When Saturn ſticks n 4, the 
will leaſt of all be perceiv'd, not only be- 
e the leſſer Axis of the Ellipſe is very little 
in in foch a caſe, but chie beckeidic witthe bas. 
very little enlighten d, by reaſon of the obli- 
quity with which the Sun's Rays fall upon it, 
and therefore will be ſcarce perceivable to the 
Eye. But it is plain by experience, that to 
have the Face of the Ring enlighten'd, fo that 
it may be viſible, the Sun muſt be at leaft three 
Degrees abore its Plane; in order to which the 
Heliocentric Place of Saturn muſt be ſeven or 
eight Degrees diſtant from 4 or 1, and there- 
fore all the time that Saturn, | ſeen the Sun, 
s on this ſide or beyond the Point A or I (al- 
ready often deſcribed) it ſticks between ſeven or 
eight Degrees, that is, when in the oppoſite 
part of its Orbit, it runs thro” thoſe: fifteen De- 
which laſts about as many Months, its 
Ker which or Handles which it makes will 
not appear; but Saturn will appear round and 
alone without any Ring. But theſe Limits will 
be different according to the different goodneſs 
of the Obſerver's Eye, and length and good- 
neſs of his Teleſcope. Theſe are: the chief 
Phænomena of the Ring that en es Sa- 
turn, ſeen from the Sun; en this is the nn 
ner r of hg Fi 


,SCHOLIUM.. 
For the ſame reaſon, the Ways of the Satek, 
bres revolving about any Primary Planet, ſeen 
from the Sun, appear ſometimes ſtreight, ſome- 
times Elliptical : Streight when the Line of the 


Nodes of the Satellites produc d goes thro the 


* Sun un; 
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Sun; when alſo the Satellite ſeen from the 
Sun been very much diſtant from its Primary 
Planet, declines alfo very much from the way 
of the Primary ſeen from the Sun, in which 
caſe'the Eclipſe of that Satellite running into 
the Shadow of the Primary, will be central, 
and therefore (ceteris paribus) very laſting, and 
the Shadow of the Satellite, running thro' the 
lower part of its Orbit, falling upon the Pri- 
mary, runs over the Center of the Diſc ſeen 
from the Sun. Whence the Phznomena of the 
Sun and of a Satellite ſeen from its Primary, 
will be defin'd, according to the foregiven Rule. 
Out of this Situation the Way of a Satellite, 


ſeen from the Sun, will appear to be an Ellipſe, 


(that is, a Circle ſeen obliquely, ) whoſe grea- 
ter Axis is not yet in the apparent Way of the 
Primary. This Ellipſe will have its ſhorter Axis, 
the leſs by how much nearer the Primary is to 
thoſe Points where the former Phaſis happens, 
and the greater by how muck it is more re- 
mov'd from them; and therefore the lon 

of all (that is, this Ellipſe, which the Circular 
Orbit of the Satellite appears to be, will be 
broadeſt) when the Primary is in the.Places in- 
termediate between thoſe mention'd ; namely, 
when a Right line joining the Sun and a Prima- 
ty Planet is very little oblique to the Plane of 
the Orbit of a Sacellice; in which caſe the Satel- 
lite, in its greateſt Elongation from its Primary, 
will appear to be in the Way of the Primary 


ſeen from the Sun; but in its Conjunction with 
the Primary, it declines very much from the 
ſaid Way, on the one or the other fide, as it 
is in the inferior or ſuperior Semicircle of the 
Orbit. Whence it happens that a Satellite in 
the upper part of its Orbit, will be very 1 

| nt 


6365 The ELxzMENTs. Book IV. 
ſtant from the Axis of the Shadow of the Pri- 
mary, and in the lower part of it, the Shadow 
of che Satellite will alſo be very diſtant from 
the Center of the Diſc of 'its Primary ſeen 
from the Sun; therefore according to the Incli- 
nation of the Plane of the Orbit of the Pri- 
mary, and according to the Magnitude of the 

Satellites Orbit, the Eclipſes ariſing hence will 
be (ceteris paribus) either very ſhort, or perhaps 
none at In the intermediate Place the Sa- 
tellites Way about the Primary ſeen from the 
Sun, will be an Ellipſe of leſs breadth, and all 
the foreſaid things will be mix d. And all theſe 
Phaſes will happen twice in one Revolution of 
the Primary about the Sun, if the Line of the 
Nodes always remains parallel to itſelf ; if it 
moves, all variety of Phaſes will happen, from 
the time that that Line of Nodes produc'd falls 
into the Sun, till it be again directed towards 
it. And converfly, from theſe Obſervations of 
theſe longer or ſhorter Eclipſes, the Poſition of 
the Line of Nodes of a Satellite, and the In- 
clination of the Plane of the Orbit of a Satel- 
lite to the Plane of the Orbit of a Primary, will 


be defin'd. 
T deſcribe and define the Phaſes of Saturn's 
3 Ring ſeen from the Earth, 
Tho the Phaſes of Saturn's Ring ſeen from 
the Sun are nearly the fame with the Phaſes of 
it ſeen from the Earth, (becauſe Saturn's Geo- 
centrie Place, at moſt, ſcarcediffers fix Degrees 
from irs Heliocentric'Place) and therefore are 
to be defin'd by the foregoing Prop. Yet ſince 
they differ in ſome things, eſpecially becauſe 


Pagzocareron IM. 


ew wherein differ 
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Saturn appears round, we ſhallin a few Words 
Let S, | fig. 61.] be the Sun, 4 BIN the Or- 
bit of Saturn, DC the annual Orbit of the 
Earth; (for we don't here conſider its Inclinz- 
tion to the Orbit of Saturn as being very ſmall) 
and let A and I be the Places of Saturn's Orbit, 
in — 1 _—_— yo the — of its Ring 
produ thro' the Sun, it is inox 
in A the Ring be in the Plane of the 
Aquator and Saturn revolves about its own 
Axis. It is plain that when Saturn is in 4 or I 
the Ring will not be ſeen by an Eye in the 
Earth, whatever part of its Orbit the Earth is 
in: For ſince in that caſe neither Face of the 
Ring is enlighten'd by the Sun, neither Face 
will be ſeen by the Eye, tho rais'd high enough 
above its Plane. The Edge only of the Ring'is 
enlighten'd, which yet is not ſeen, e it 
does not reflect the Rays, av leaſt ſo as they may 
reach the Earth: Let ſince it croſſes the brighe 
Diſc of Saturn, it obſcure or like 2 
dark Line, forthe R explain'd in the fore- 
going Propofinon. 5 
Moreover, if when Saturn is got to B the 
* be - uch 1 cu -- Orbit, _— C 
parallel to A I, Saturn will alſo appear round: 
For tho one face of the Ring be in that caſe 
enlighten d by the Sun, an Bye on the Earth 


and therefore it does not fee it but has only the 
dark Edge turn'd towards it: This happens 
when Saturn ſeen from the Earth, has behind ic 
the ſame Fix'd Stars, which it had when the 
Eye was ſuppos'd in the Sun, and the Sun in 
the Plane of the Ring produc'd ; that is, when 
the Geocentric place of Saturn is the ſamę 5 

e "the 


is alſo found in the Plane of the Ring produc'd, 
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the Heliocentric Place, ( which happens when 
it is in the Plane of the Ring produc d) as may 
eaſily be known from Aftronomical Tables. - 
— let Saturn be ſuppoſed in the ſituation 
E, the Earth in E, fo char the Plane of the Ring, 
or rather its common Section with the Plane 
of Saturn's Orbit, which is the ner nr} wh line — 
el to 14, being produ ils berw 
the Sun 5 and the Earth E, which will happen 
when Saturns Geocentrical Place and its Helio- 
centrical Place are at different parts of the Place 
deſcrib d above in Prop. 68, where the Plane of 
the Ring produc'd on the Sun or Earth, 
which is 2 known by Aſtronomical Tables, 
eſpecially Ephemeris's ; for the Right line 8 H 
ſhewing the Heliocencric Place of Saturn, . falls 
on one ſide of the Right line Hal and KI hew- 
ing its Geocentric Place falls on the other ſide of 
the ſame Right line: I fay, that in ſuch a caſe 
2 Obſerver on the Earth wall not ſee the Ring, 
only; that a dark line will a r to croſs Sa- 
— Diſc) becauſe he can't fee that face of the 
Ring which is expos'd to the Sun's Rays, as be- 
ing turn d from him. For in that caſe, that 
face which is as 2 ſhadow is turn d towards the 
On the contrary, when the Right lines TN, 
8 N, drawn to Saturn from the Sun and the 
Earch, fall cowards the ſame parts of the ſaid 
Line NR, (the common Section of the Planes 
of the Ring and of. the Orb of Saturn) as it 
happens when Saturn is in N; chat is, when 
Saturn's Geocentric Place and its Heliocentric 
Place are on the ſame fide in reſpect of a Place 
above deſcrib'd, where the Plane of the 
| <ape] d falls into the Sun; then the ſame 
ce of the Ring is turn'd to thee Sun aad to the 


3 
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Earth, and therefore (if the Reaſons given in 
the foregoing Prep. don't interfere) the enlipgh« 
tened Face ſeems to give Saturn Arms or Han- 


dles; namely, if the Sun does enough enligh- 
3 


ten the Ring, that its Light may affect the Ey 
that is, if it be rais d three or-more Degrees a- 


bove the Plane of the Ring, or if Saturn be 


diſtant from the Point A or I eight Degrees or 
more, and the Earth alſo be rais'd one Degree 
or more above the Face of it, (for ſonie ſenſi- 
ble Elevation is neceſſary for the Eye to have 
above the Plane of tlie Ring, leſt che Ellipſe, 
which the Ring repreſents, ſhou'd appear like a 
very ſmall Line, and ſo not refle& Light enough 
to affect the Eye ;) that is, if the Geocentric 
Place of Satutn be about three Degrees ot 
more from the place where the Plane of irs 
Ring produc'd falls upon the Earth, the Ring 
will be viſible, as has been ſhewn in the fore- 
going Prop. ___ 
To define what kind of Ellipſe the Ring at 
any time repreſents, we muſt obſerve, that 
when its Plane is inclin'd to the Plane of the 
Orbit of the Earth about 23 Degrees, where 
the Circle of the Ring appears the moſt direct 
of all, a Line joining the Earth and the ſaid 
Circle will be inclin'd to the Plane of the Cir- 
cle in the ſaid Angle; and therefore in that 
caſe the Circle will appear to be an Ellipſe, 
whoſe greater Axis is tliree times longer than 
the leſſer Axis. Moreover, in any othet In- 
clination of a Right line joining the Earth 
and Saturn to the Plane of the Circle, (we 
muſt find the Diſtance of the Geocentric Place 
of Saturn from that Geocentric Place of it 
where the Plane of the Ring produc'd goes 
thro' the Earth, by help of the Table of De- 
Ppp clina- 
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clination of the Points of the Ecliptic, as above) 


its greater Axis will be to its leſſer, as the Radius 
to the Right Sine of the lately found Angle, in 
which the Eye is rais d above the Plane of the 
Ring. And theſe are the chief Phaſes of the 
Ring ſeen from the Earth, and the manner of 
defining them. . E. F. 1 

The Ellipſe alſo which repreſents the inner 
Circle of the Ring is of the ſame kind, as be- 
ing in the ſame Plane with the outer one: But 
this Ellipſe is not the ſame with the perforated 
Figure, upon account of the thickneſs of the 
Ring. The hithermoſt half of this Figure is 
the ſame with part of the foreſaid Ellipſe; but 
the furthermoſt part of it is equal and ſimilar to 
a part of the Ellipſe, brought a little nearer to 
the Axis, as is plain from Fig. 59. 


SCHOLIUM. 


After the ſame manner from the Way or Track 
of a Satellite about its Primary Planet, ſeen 
from the Sun, and determin'd by the foregoing 
Prop. may be determin'd the Figure of it, ſeen 
from the Earth at any time propos'd. For it is 
plain that a Satellite will, to an Inhabitant of 
the Earth, appear to have deſcrib'd a Right line, 
when the Earth is found in the Plane of the Or- 
bit of a Satellite, tho' the Sun at that time is 
not in it; and that the Ellipſe (which, in all o- 
ther caſes, it repreſents) comes neareſt to a Cir- 
cle, when a Right line joining the Earth and 
a Primary Planet, is the leaſt oblique to the 
Plane of the Orbit of a Satellite, tho at that 
time a Right line drawn from the Sun to the 
Primary Planet, is not the leaſt oblique. that it 
can be to the ſaid Plane. And on the other 
hand, from the Obſervation of the faid Phaſes, 


may 
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may be defin'd the Situation of the Line of 
Nodes, and the Inclination of the Plane of the 
Orbit of a Satellite, to the Plahe of the Orbie 
which its Primary deſcribes about the Sun. 

Moreover, the ſame things are true of ths 
apparent Way of a Spot or any other viſible 
Mark in the Surface of a Primary Planet, ot of 
the Sun itſelf, in its Rotation about its Axis; 
or of a Circular Order or Series of ſuch Marks: 
For ſuch a Circle will, by the Laws of Optics, 
appear ſometimes a Cirele, ſometimes an El- 
lipſe, as the Earth is in its Plane produe'd; of 
out of it. | 


| 


1 


= 
1 


To L E M E N T 8 
Aſtronomy, 


. and Geometrical. 


The irg Book. 
Of Comets. 


Tine g explain d- the Motions of -the 

— as well Primary as Secondary, 
Phænomena thence ariſing, we 

proceed — the Motions of another ſort 
of Bodies, namely of Comet, a great many 
kinds of which are mentioned by Authors: For 
they diſtinguiſh them according: to the various 
colours which they appear: to ſhine with, and 
the Planets which they look like, and the Fi- 
gures of their Tails, We that treat of Aſtro- 


nomy and not Aſtrology, own only one kind 
| Ppp3 Se 


7 
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of 8 which have thoſe different A 


according to the difference of 
apouts —— make their Tails, and the aint 
88 the Qomet itſelf its reſpect to 
88 
In treating of them we ſhall firſt take notice 
of _ Phyſical Matters, .that we may after- 
fs go. on to Geometrical Propoſitions, name- 
i termine their Orbits, In the Phyſical 
Aae which we ſhall take notice of, it will 
firſt be neceſſary to mention, and afterwards re- 
ject the Opinions of ſome Philoſophers, that 
we may the better underſtagd. thoſe Opinions 
which we muſt embrace. The Reader is deſir d 
to — our taking no * of theſe —— 
the foregoing Books, but reſerying chem for 
ibn bers - ole iis up Boe Peat H not hi- 
therto had 1 regard to the Theory of the 
Comets which they have had a tothe Theor of 
the YR and F d Stars. my 
I} 


L 


un we - 


to 


_— 


Srerion * ) 
8 238 Propoſitions GR 2 


PROPOSITION 5 +. 4 


O-explein the Opinions of Phohiophersi ch 
the Duration and Places of” ** Centers, in 
fro Wark. n DOR: £443) 

"The moſt ancient Philoſophers and Aftrono- 
mers ſuppos d Comets to be eternal or con- 
Kant Bodies of theWorld, which, Rke Planets, 
perform'd their Revolutions in ſtated Times 
For Ariſtotle,” Wer of Comets, in his 50 
| „ + Boo 


* 
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Book of Meteors Chap. 6. ſays, Ta Imandy u 
Nh Hußla pelo, ira alyinr dur i N , 
Ager, ANNA d AAN 7% mr oarmoay du vines 
e, Smt gg, Feng gad, A if THE ghZ 
ries. But ſome of the Italians, call d Pythagareans, 
ſay, That a Comet is one of the Planets or Wan- 
dring Stars, but that they don't 155 unleſs after a 


long time, and are ſeen but after a ſmall time, 
which happens alſo to Mercury. d Plutarch, in his 
Third Book of Philoſophical Opinions, Chap. 2. ſays, Tay 
am Hubagsg mis win dv pay givas Thy XOuu THY THY £% 
d Pare uh wv, mvos N eerouive yeovs metodinas dve 
Nabe. Some f the Pythagoreans ſay that 4 
Comet is 4 Star of the number of thoſe which do 
not conſantly appear in the Heavens, but in ſtated 
Times having gone thro a determinate Circuit ariſe 
or again; And Seneca, in his Seventh Book 
of | Nat. Dweſtions Chap. 3. ſays thus, Democritus, 
the moſt ſubtile of all the Ancients, ſaid that be ſu- 
ſpeed that there were ſeveral Running Stars, 
(that is, Comets) but be neither determin d their 
nor names, not having yet rightly underſtood 
the Courſes of the Five Stars, that is, of the Pla- 
nets, except the Sun and Moon. And again, 
Seneca, in the fame place, ſays, that Apollonius 
the Myndian, who was very kilful in natural Sci- 
ences, affirms d, that the Comets were, by the Chal- 
dzans, reckon d among the Planets, and had their 
Periods or Courſes like them. This Apolionius (as the 
ſame Seneca ſays inthe 19th Chap.) us d to ſay, hat 
a Comet was 4 Star or Celeſtial Bog as the Sun or 
Moon. But that he did not know its Courſe ; be- 
cauſe it cuts tbro bigber parts of the World, and then 
| at laſt appears, when it comes to the bottom of its 
Courſe ; and that is the very ſame _ which 
was ſhewn in Prop. 10. B. 1. Of which Opinion 


20 
N 


Seneca himſelf profeſſes himſelf to be, in the 224 
Chapter, in theſe words, I don't think a Comet to 


Ppp4 be 
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be a ſudden Fire, hut one of the eternal Works 
atyre.. In the 24 Chapter, he gives the ſole an 
only Method by which this Queſtion may be 
folv'd; ſaying, that there ong br to be a Collection of 
former Riſes or „ een of Comets ; becauſe by 
reaſon of the ir ſel appearing - their Courſes cannot 
yet be Za. neither can it be diſcover d whether 
rbey return or no; and that they appear or are produc d 
in Order, at their ſettled time. < at laſt he thus 
propheſ es, in A 25 Chapter, A timg will come 
when thoſe "thing s which are nam bid will at laſt be 
25 to bebe, by length of Time and the diligence 
of Po 6 One Age is not ſu to make ſuch 
great D:{coveries. A time will come when thoſe that 
come after us will wonder that we were ignorant 
Things ſo plain. And in the 26th Chapter, owe 
277 3 ate, | hich Way T 2 't ; 
why they go ar from the reſt of the Celeſtia 
Bodies, — big * what ſort of Bodies they are. 
Afcerwargs the whole School of the Peri ateticks, 
to keep up their Doctrine concerning the Hea- 
vens, which they ſuppos d not capable of being 
85 enerated or corrupted, did not look upon the 
mets as eternal or permanent Bodies of the 
World, but as Bodies newly producd, and in a 
ſhore time to periſh again, and affirm 2 them to 
be Sublunary and made of Exhalations in the 
erreſtrial Regions; which Opinion was the 
ore beher d after ſolid Orbs were introduc'd, 
mu Comets cou'd not paſs thr them. 
But at laſt Toby Brabe — Kepler finding by 
bſervation, that Comets had no diurnal Paral- 
ax, reſtor d them to Places above the Moon. 
The Fake and readieſſ Way to find the diurnal 
Parallay of a Comet, if it has any, is the fol- 
bong: By the Obſervations of many Days, 
made e before and alter, let the Track be defis d 
85 9 among 
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among the Fix'd Stars, which a Comet won's 
have, if it had no diurnal Parallax. If there- 
fore-from its Riſing till it gets to the Meridiag, 
or from thence to 8 it has the ſame 
place among the Fix d Stars reſpectively, 'which' 
it wou'd have according to the Track abbve de- 
ſin d, it is a ſign that it has no diurnal Parallax: 
For when it is near the Horizon, if it had a 
diurnal Parallax, it wou'd appear lower among 
the neighbouring” Pix d Stars, which have no 
Parallax; therefore as the Comet is towards its 
Riſing it wou'd appear nearer to the Eaſt, and 
at ſetting nearer to the Welk, chan it is 'ac- 
cording to the Place agreeable'to that Mo- 
ment of Time, according to former Obſerya- 
tions. And this Method is no way affected by 
the uncertainty, of the Refraction by which Ce- 
leftial Bodies are ſeen; for the Refraction of the 
neighbouring Stars is nearly the fame with that 
of a Comet. But the readieſt Way that this 
Obſervation is made, is to find the true Place of 
a Comet, in a Right line drawn between two 
Fix d Stars, ſo that thoſe Fix d Stars, at that 
time at a ſmall Height above the Horizon, be 
in, or nearly ini the ſame Almicantarath, which 
will be eaſily done among ſuch à multitude of 
Fix'd Stars, at leaft if we take in ſuch as the 
Eye - perceives with the help of a Teleſcape :; 
For if a Comet has a diurnal Parallax, it will 
appear out of that Right line and nearer to the 
Horizon; if not, it will even then appear in 
the Right line among the Fix'd Stars. | 
That Comets are above the Moon is farther 


confirm'd, from the Obſervation which Mr. 
Caſſini made, of that which appear'd in the 
Year 1680, which he obſerv'd to be but 22 or 
23 Degrees diſtant from the Sun, and 41 * 
„ 28 | | ine 


- The ELIM NTS Book IV; 


698 
at that time with its full Orb; which he 
alſo obſery'd of the Comet. which appear'd 
18 yr, 1665. whence one may certainly con- 
clude, either that thoſe Comets at that time 
were not only above che Moon, but alſo above 
the Sun, (fince Mercury and Venus, at that ap- 
parent Diſtance from the Sun do not ſhine with 
a full Orb, unleſs they be above the Sun ;) or 


eb. they are lucid Bodies, like the Sun or Fix d 


Ser or at eaſt pell pellucid and n_—_—_— 
uns Rays, which will hardly be ſuppos'd of 


ich gr eat "Xe fince the — ＋ how- 
EVEr rare exture is, are e enough. 
ere tae he E opake Bodies, will be 


. 


ſhewn blo, A 
caft. 


CEN, II. 


zue, in a fow Words, the Opinions of Philoſo- 
5 concerning the Riſe and Orbits of Comets. 
ophers are nat yet agreed about the Or- 
bin ar Comets: Kepler — after him Carteſius, 

lizs, and others, * —1 2 © xg geen 
Comets are Right lines. For 
7. Or other recurring Coarves. yoo Mo- 
tion o Comets, as thinking it vu /ikely that the 
Arion 0 2 Br, which neuer return, ſhou'd be Cir- 
cular. But Kepler, in his Phyfiatog, of Com. be- 
ber d, ee e Kier, was of 
ſuch a nature, that it produc d Comets . left 
that Region 7477 ry 2 that that was 


get 
pre ae 4 nature 7 he Place, to be — 
ene 
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tened, (becauſe the Sun's Light is every where) and 
to get a Motion like ſome Star : An exact Example of 
this, bow this fat and Cileftial Matter of Comets bas 
Light and Motion, may be ſeem in Aerial Trajecbo- 
n (or Star-ſhooting.) But Hevelius ſuppos d 
Comets ta be generated from the moſt ſubtile 
 Exhalations of Planets joining together by 
chance in the ther, and retaining the form of 
2 Diſc, one fide of which is turn d to the Sun, 
after that the Comet moving in a Spiral Line, is 
ne out of the Atmoſphere . of the Planet, 
Pom which it had its firſt RT 
. Carteſlus ſuppos'd- the Body of every Comet 
permanent like that' of a Planet, and made like 
2 Planet, of fome'Fix'd Star or Sun cover'd 
with Spots and carried away by the next Vor- 
tex as it encreasd. But he wou'd have a Co- 
met be conftantly carried in a Right line from 
one Vortex to another. 2 
But thoſe that believe a Comet to be a per- 
manent Bod to return again in the ſame 
Track as do, will have its Orbit ſuch as 
either to contain the Earth in its Circle, tho 
* Mr. Caſſini fays of the Comet 
appear d in the Year x577, which he ſu- 
ſpects to be the fame Comet that appear d a- 
gain in the Years 1680, and 1681) and run e- 
quably thro' the Periphery of ſuch a Circle, 
contrary to what the Planets do; or not to 
contain it, ſo that the convexity of the Orbit 
hall be turn'd*towards the Earth, as the ſame 
Caſſini ſeems inclinable to believe, in his Theory 
of the Motion of ' the Comer of the Year 
1664. But it is true that Mr. Caſſini only makes 
uſe of ſuch Orbits chiefly for calculating the 


Motion of a Comet, being too cautious a Na- 


ai +48; : 
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tural Philoſopher to.affirm' or define reaps + 
concerning that Matter 

From the Obſervation, of. ſaveral 
Mr. Caffini has ſettled the Way of Comets a- 
mong the Fix'd Stars, within whoſe limits moſt 
of the Comets, (tho not all of them) are con- 
'd as the Planets are, within the limits of the 
iac, He finds: that this Cometary Zone, 
which is as broad as the Equator, and like it 
mark'd with > pe of Animals, =_ thro' 


f K- 78 "> 
dSotething | like: this is the Sy jm of Comer 
iſh'd by? ingenious Mr., 
the Yea! 1682, in which be f ofes that a 
certain primary Planet revolves about the —1 
ata 8 3 22 g 
· Magnus s, in be ſpace ears 
8nd.1 57 Days, the Samir whe handled 
is eight times nearer, Joes Wl ml 
iy teſq than _—_ *. i 
We can never as * as 
4 7 } 45 M8 — e 
xgl Comets reyolys; tho none of = 
down quite to the Orbit of Saturn ; therefore t 
Comirs, according to Mr, Bernomilli, are nothing 
ee but the Satellites of the ſaid invifible Pri 2 
ner, which only begin to be viſible i they ; 
$owards us in their Perigæum, and ſa. are — 
111i rn. . 
BT The Opinion concerning the Orbits of Co- 
metz, which ſeems moſt ann 
already explain d in the 35 Prop. of B. I. which 
beſides its being moſt tr to the ſimplici- 
fy of Nature, may put on the 9 A 
almo 
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almoſt e inion mention d before. For 
if $ HI reſents che Sun ini the firſt 


firſt Figure of the-firſt: Scheme, be the cb 
be 54 che Orbit of — Earth 7G 
which is nearly circular, and the very excentri* 
cal Orbit of a Comet be ABDIEC; it is plain 
Kk. wel 


that the Phænomena of the Comet going 
the part EC or BD of its Orbit, will | 
enough explain d by an equable motion in a 
Right line, becauſe B D or C E, is but little 
ifferent from a Right line, and beſides a Co- 
met will move ecqquably in it, becauſe equal 
Triangles ſtanding upon it, and having & for 
their common Vertex, will alſo have their Baſes 
nearly equal. But yet it will at firſt ſight hard- 
ly appear to be the ſame Comet, which firſt de- 
ſeribes E © and afterwards B D, there being a 
conſiderable: Time between thoſe two Appari- 
1 that in which it deſeribes the Are 
CAB, and is then hid under the San's Rays. 
Now, weng eth is at Ta Curve convex 
towards 7 Petter agree with the Phæno- 
mena of a Comet deſcribing that part of the Or- 
bit which is at 4; for it is ſuch in the 1ſt Fig. of 
Scheme 1. But a Curve convex towards the 
Earth when the Comet is in oppoſition with the 
Sun, will never agree with the preſent Theory; 
but if it is concave it will very well agree with 
it, if (as in the 24 fig. of Scheme x.) S4 the 
Perihelion- of the Comet be greater than ST 
the Semidiamerer of the Magnus Orbis : For a 
curve Concave towards T will very well anſwer 
the Phznomena of a Comet pafling at 4; be- 
cauſe ſuch a Curve is its real Trajectory. | 
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PRO Osto III. Lz un 

F F the Air ſhould expand it ſelf acbording to the 
following Law, which is confirm d by Experi- 
ments, namely, that the Spates in which it is cons 
race are reciprocally proportionable to the Weights 


tompreſſing ; a Globe of our Air of an Inch Diameter, if 
it ſbou 4 as rare as it wou'd be at the Height of 
the Semidiameter of the Earth, wow d fill all the 


Planetary Regions as far as: the Sphere of Saturn, 
and far beyond. | Fig. 2.] x0 1 
That the Law of the Expanſion of the Air 
is the ſame as was laid down here; namely, 
that the Spaces in which a given Quantity of 
Air is compreſs'd are reciprocally proportional 
to the Weights compreſſing, is plain from the 
Experiments mention'd in the Philoſophical Tranſ= 
actions of July 1671. N® 73. This Law then be- 
ing laid down, let A BZ Z repreſent an uprighe 
ite Tube, full of Air, whoſe Sides 4 Z, 
BZ are parallel to one and — — 
cular to the Horizon, and the AB 

ing upon the Earth's Surface: It is plain that 
the Air at AB is preſs'd by the W of the 
whole incumbent Air ABZZ, and that the 
Air at ED (a Parallel to AB drawn at any di- 
ſtance from it) is preſs d by the Weight of the 
incumbent Air E DZ Z. Let us conceive the 
Air expanded along the whole Right line E D 
to be compreſs d into part of the faid Line, 28 
CD, fo that it may have the fameDenficy as 
that of the Air A B, and that this is alfo done 
to any other Right line, ſimilarly drawn as ed, 
thac is, that all the Air which before was ex- 
panded all over the Tube ABZ Z, is compreſs'd 
into the Space ABZ xX, ſo that it may be every 
where of the ſame Denſity. The Right line B — 

w 
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will be the Aſymptota of the Curve 4C ex, 
terminating the Space AC e XZ A DBA on one 
ſide, becauſe at any Height above the Earth 
there is ſome Air, which the ; com- 
preſs d, till it be equally denſe with the Air 4B, 
muſt take up ſome 8 bis:“ 
Since then the ſame Quantity of Air com- 

reſs d as much as AB was comprefs'd (that is, 
by the incumbent Air AZ Z B) will take up 
the Space C D, but compreſs d as E D will take 
up the S by the foremen- 


e Space ED; it is plain, 
tion d Law of the Compreflion of Air, that 
CD is to ED, that is, to AB, as the Weight 
of the incumbent Air E DZ Z, to the Weight 
of the incumbent Air ABZZ; that is, (by 
reaſon of Gravity, which we ſuppos'd the 
ſame art all Diſtances from the Center) as the 
incumbent Air C DZ & to the incumbent Air 
ABZ X, or as the unterminated Figure C DZ, 
to the unterminated Figure ABZ X: But 
this is the f the ithmic Curve 

very well known to Geometricians; there- 
fore the Curve AC X is a Logarithmic Curve, 
whoſe Afymptote is the Right line BZ, When 
by Probl. 3. Append. 3. of Barrow's Twelfth Geo- 
metrical Lecture, (if CG, and eg be drawn pa- 
rallel to B Z and meet with 4B, at G and g,) 


BG or CD is in the ſame Order between 5 4 
and Bg or de a Geometrical Mean proporti- 
onally as BD is an Arithmetical Mean between 
Bd and Nothing; therefore © (or Nothing) 
BD and B4 are as the Logarithms of the R 
lines BA, DC, and de reſpectively. Therefore 
BD, Rd, B 4, and Dc being given, it will be 
eaſy to find cd, which, as has been already 
* ſhewn, repreſents the Quantity of Air con- 
preſs d as much as it is at the Surface of the 

Hp | Earth, 
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Earth, which in the Height BA above the 
Earth will expand itfelf into a Space equal to 
BA; namely making DB to 4B as the diffe- 
rences of Logarithms of 4 B and CD to another, 
this will be the difference of the Logarithms of 
AB and c d: and therefore the Logarithm of A B 
being given, the rithm of c d, and there- 
fore cd itſelf will be known. „er 

Let AB be 33 foot long, that is, of the 
Height of a Column of Water whoſe weight is 
equal to a Column of Air of the ſame thickneſs, 
extended from the ſurface of the Earth up to 
the top of the Atmoſphere: And as the Air 
near the Surface of the Earth takes up a ſpace 
as it were 850 times than Water of the 
ſame weight, as innumerable Experiments ſhew ; 
a Column of Air 850 Foot high, is of the ſame 
weight wich a Column of Water of equal thick- 
neſs and one Foot high. If therefore we were 
to riſe 850 Feet above the Surface of the Earth, 
the Column of Air preſſing upon any Place at 
that Height, is equal in weight to a Column of 


Water of the ſame thickneſs and 32 Foot high: 


If therefore B D be taken of 850 Feet, DC will be 
of za Feet: For A B, CD, D, &c. will ſhew the 
Heights of the Baroſcope (with whatſoever Li- 
quor it is fill d) in the Places B, D and d; for they 
are reſpectively proportional to the Weights of the 
incumbent Air. Therefore to find out 4e from 
the Premiſes, ſuppoſing Bd to be equal to the 
Semidiameter of the Earth, that is, in a round 
Number to 20000000 Feet (for according to 
ſome late Experiments made in France, its mea- 
ſure is 1961 5 800,) let the ion be per- 
perform d by the Rule of Proportion, finding 
to DB 850, dB 20000000, and the Difference 
of the Logarithms of 4B, CD taken 3 
t 
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Earth, which in the Height Bd above the 
Earth will expand itfelf into a Space equal to 
B 4; namely making DB to 4B as the diffe- 
rences of Logarithms of A B and CD to another, 
this will be the difference of the Logarithms of 
AB and cd: and therefore theLogaricthm of AB 
being given, the Logarithm of c, and there- 
fore cd itſelf will be known. 

Let AB be 33 foot long, that is, of the 
Height of a Column of Water whoſe weight is 
equal to a Column of Air of the fame thickneſs, 
extended from the ſurface of the Earth up to 
the top of the Atmoſphere: And as the Air 
near the Surface of the Earth takes up a ſpace 
as it were 850 times greater than Water ot the 
ſame weight, as innumerable Experiments ſhew ; 
a Column of Air 850 Foot high, is of the ſame 
weight with a Column of Water of equal thick- 
neſs and one Foot high. If therefore we were 
to riſe 850 Feet above the Surface of the Earth, 
the Column of Air prefling upon any Place at 
that Height, is equal in weight to a Column of 
Water ot the ſame thickneſs and 32 Foot high: 
If therefore B D be taken of 850 Feet, DC will be 
of 32 Feet: For A B, CD, c D, &c. will ſhew the 
Heights of the Baroſcope (with whatſoever Lt- 
quor it is fill d) in the Places B, D and 4; for they 
are reſpectively proportional to the Weights of the 
incumbent Air. Therefore to find out 4e from 
the Premiſes, ſuppoſing Bd to be equal to the 
Semidiameter of the Earth, that is, in a round 
Number to 20000000 Feet ( for according to 
ſome late Experiments made in France, its mea- 
ſure is 19615800,) let the Operation be per- 
perform'd by the Rule of Proportion, finding 
to DB 850, 4B 20000000, and the Difference 


of the Logarithms of 4B, CD taken our od 
the 
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the Tables, namely, o, 0133639, a fourth Pro- 
portional 314, ooooooo, namely, the difference 
of the Logarithms of AB and cd, which being 
taken from 1, 5185139, the Logarithm of 4 B 
firſt taken from the Tables, and there will re- 
main the Logarithm of C4, which is —3 12, 
000000, whoſe Characteriſtic (as they call it) 
is —3 12. Moreover, from the nature of Loga- 
rithms, the Number of the Tables whoſe firſt 
place is Unity, have Nothing for the Characte- 
riſtic of its Logarithm ; but the Number whoſe 
firſt Place is a, or the ſecond of Integers, has 
One for the Characteriſtic of its Logarithm; 
that whoſe Firſt Place is the Third of the In- 
tegers has Two for its Characteriſtic, and ſo on 
aſcending; and likewiſe the Characteriſtic of a 
Number whoſe firſt Place is the next below One 
in a decimal Progreſſion, or the firſt Place of De- 
cimals is f, and ſo on in deſcending: Whence 
converſly, from the Characteriſtic of the Loga- 
rithm you may know the Place of the firſt Place 
of che Number, or of how many Places the Num- 
ber is; and hence the Number, the Characteriſtic 
of whoſe Logarichm is —3 12, is the firſt Place 
in the 312th Place of Decimals; therefore the 
Right line e d is denoted by a Number whoſe 
firſt Place is the 312th of Decimals. 
Then taking away the Calcu ation, it is plain 
that a portion of our Air, denoted by a Num- 
ber whoſe firſt Place is the 312th of Decimals, 
at the Height of the Semidiameter of the 
Earth expands it ſelf to a Magnitude which is 
denoted by 33; that is, the Space taken up by | 
our Air, is to the Space that it wou'd fill up, if 
it was as rare as it wou'd be at the diſtance of - 
the Semidiameter of the Earth; as the Number | 
one to a Number expreſs'd by the two Ternaries 9 
0 | 24 with 
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with 312 Cyphers annex d. But this Ratio is vaſt- 
ly leſs than that which (according io Ariſtarcbus) 
2 ſmall Grain of Sand has to the sphere of 
the Fix'd Stars, as Archimedes has demonſtra- 
ted it in his Arenarium; namely, greater 
than the Ratio which One has to a Number 
whoſe Notation is Unity with 63 Cyphers an- 
nex'd: But we ſhail preſently ſhew that the 
ſaid Ratio is much leſs than that which is between 
a Globe of an Inch Diameter and the Orb cf 
Saturn, much more nearly compured, than the 

Sphere of the Fix'd Stars was by Ariſt -rchus. 
The Semidiamer of the Earth is, as was ſaid 
before, in a round Number of 20000000 Feet: 
Now if the Sun's Parallax be 10“ (which is the 
leaſt that Aſtronomers have hitherto attributed 
to it) whoſe Right Sine is of 485 parts, ſup- 
poſing the Radius to be of 10000000 ; the Se- 
midiameter of the Magnus Orbis will be of 
500000000000 Feet, namely, to the Semi- 
diameter of the Earth as the Radius to the 
Sine of the Sun's Parallax ; and therefore the 
Semidiameter of the Oib of Saturn (by Prop. 
41. B. 3. ſcarce ten times as great) will be of 
5000000000000 Feet, and its Diameter of 
I0000000000600, or of 1 2000000000000 
Inches. Wherefore the Sphere of Saturn is to a 
G:obe of an Inch Diameter as the Cube of the 
foregoing Number, or 1728 with 39 Cypkers to 
Unity, or in a round Number, and at moſt as 
a Number expreſs d by 2 and 42 Cyphers is ro 
One or Uni y. Therefore fince a Globe of an 
Inch Diameter has a much greater Ratio to the - 
Sphere of Saturn, than to the Sphere which 
Air, like our Air, wou'd fill if it ſhou'd become 
as rare as the Air at the Height of a Semidia- 
meter of the Earth above the Earth; it is plain 
| that 


— 
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that that Globe of Air, whoſe Diameter is otie 
Inch, when it comes to be as rare as it wou'd bg 
at the diſtance of a Semidiameter of the 
from it, wou'd fill all the Planetary Regions as 
far as the Sphere of Saturn and much tarther, 
E. D. 
St the Gravity towards the Earth be ſuppos d 
to diminiſh as you recede from the Center, as 
it really does; it is plain that ſuch a Globe of 
our Air of an Inch Diameter as we have men- 
tion'd, at the Height of a Semidiameter of the 
Earth above the Earth, wou'd yet take up 4 
greacer ſpace. bg | 
ProbogrtTIoN IV. 
1 oO expl:in the Opinions of Philoſophers totiternias 
| har. ts of Crit 4 . that which 
Rn p = | 
at 2 Comet's Tail depends upon th 
& plain from this, that it is re — 
the Sun, which was firſt of all diſcover' d by 
Peter Api na, in the Comets which appear d bes 
tween the Years 1530 and 1540, tho Regiomons 
farus 60 Years before became almoſt ecrtain 
it. As for tie Opinion about the pay 
the Tails being caus'd by the Sun, it is three 


others believe that che Sun's Rays being propa= 
ated thro the tranſparent Head or Body of 
e Comet, are refracted as in a Lens of Glaſs, 
and look like a Beam behind the Comet, or in 
thoſe parts which are turn'd from the Sun. But 
this is conitrary to the Laws of Dioptrics : For, 
beſides the Figure of it not anſwering. to this, 
fuch a brightneſs propagated thro the pure - 
ther will not be perceiv'd by ati Eye poſited 


fideways; it is requiſite that there ſhou'd be 
Gs ae was 


of 
| _ 
Firſt, Apionus, Cardanut, Tychog Snelljus, an 
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ſome reflecting Subſtance in thoſe Places where 
the Tail is to make that brightneſs ſenſible, af- 
ter the ſame manner that there muſt be Par- 
ticles of Duſt or Smoke flying about in a dark 
Room that ſuch a brightneſs may be ſeen by an 
Eye that looks upon a Sunbeam let into the Room, 
the ſaid Eye not being in the Way of the Beam; 
and by how much more groſs and denſe the Par- 
ticles are that fly about in the Medium, by fo 


much will the Beam be brighter, and fo on the 
contrary. From this there ought to be a more 


groſs Matter in the Regiom of the Tail than any 
where elſe in the Æther about the Tail, other- 
wiſe the whole Sky round about wou d be en- 
lighten'd and ſhine as much as the Tail; and 
therefore the Tail of a Comet does not proceed 
from the Sun's Rays propagated, thro' the tran- 
ſparent Body of the Comet. And therefore this 
— will be of as much Force, whether 
the Rays be ſuppos d refracted in the Head of a 
Comet and the Atmoſphere, about it, or in the 
Atmoſphere only, the opake Head hindering 
the tranſmiſſion of the Rays, as Hevelius ob- 
ſerv'd iri the Comer of 1665, which had a Sha- 
dow, and the fame Author fays, in his Cometogra- 
pb, B. 8. that ſeveral other Comets have been 
obſerv'd to caſt a Shadow. But the famous Dr. 
Ho6k denies ſuch a Shadow, and affirms a Co- 
met to ſhine brighter in that place where the 
Shadow, if there was any, ought to appear. 

The ſecond Opinion is of Carteſis and his 
Followers, who wou'd have the Tail of a Co- 


met to be owing to the refraction of the Light 


from its Head to the Eye of the Spectator. If 
this was crue, the. Rays of the Fix'd Stars and 
of the Elancts, which are propagated thro' the 


fame Mediums, wou'd not reach our Eyes fo 
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free from Refraction as they appear by Obfec- 
vation; neither won d the Tails of Comets be 
ſo free from the Colour of the Rain- bow, which 
always accompany refracted Light. Neither 
does Carte ſius take off thoſe difficulties, when hs 
ſays in the 139th Paragraph of the third Book of 
his Principles, that the twinkling of the Fix'd 
Stars is owing to this, that their Tails wou'd be 
longer if the Light was greater ; for when we 
make uſe of Telolcopes, which encreaſe their 
Light, their twinkling ceaſes. Beſides, ſeveral 
of che Planets, as Saturn, Jupiter and Venus, 
whoſe apparent Diameters are equal to, or even 
ſurpaſs the Diameters of the Comets that ſend 
out pretty long Tails, and which have more 
Light than thoſe Comets that ſend out noTails; 
and the Light of the Heads of thoſe Comets 
that have the greateſt Tails is often very ſmall 
and dull. If either the Fix d Stars (or even the 
Planets) as Ariſtotle ſays in his Diſcourfe on Me- 
teors, have ſometimes appear'd Hairy to the 


e/£gyptians, this does not happen to them as it 


does to Comets, but is rather to be aſcrib'd to 
an accidentalRefraian of a Cloud,ſuch an one 
as that to which Carrefius aſcrib'd the hairinefs ob- 
ſerv'd by Arifotle himſelf about the Fix'd Star in 
the Dog's Thigh. Laſtly, If the Tail of a Comet 
did ariſe from the R ion of the Celeſtial 
Medium, it would in the fame Regions of the 
Heavens always go towards the ſame parts; 
which yet does not happen, but is according to 
the Sun's ſituation, thrown towards different 


parts, as has been ſaid. 

There are alſo other Opinions concerning 

the Tails of Comets to be met with in ſeveral 

Authors, which we ſhall not here take time to 

confure ; among which is this of Mr. James 
2443 Bernau- 


Jie 


— — 


Fiel to the Secondary Planets 


oppoſite to the Sun z for the the whole Diſc at once 
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Bernouilli in the before quoted Syfem of Comets, 
For he conceives the Sun to be in the middle of its 
Vortex as a great Fire kindled in its Hearth, by whoſe 
Heat the Planets round about are warm'd, whence is 
happens that a great — of uery ſubtil Exbalat ion: 
comes out of the Planets every way, and even from 
the Sun itſelf, and that from the very rapid motion of 
the Solar Vortex they are carried upwards toward: 
the Circumference ; to which when theſe Efiu- 
via are come, they are ſtopp d and repell d by the Re- 
fit ance of the neighbouring — fo that they can 
go no farther. Hence, becauſe they have a near ad- 
dition of Matter, they are by degrees conden d, and 
of that inviſible Pri- 
mary one which is above Saturn (of which we ſpoke 
in Prop. 2.) when they come near the circumference 
of th: Solar Vortex; juſt as when a pet of Fleſh bangs 
over 8 Culinary Fire the ſmoal and fteam riſing up 
the Chimney from the Wood and Fleſh ſticks to the 
Beams, and whatever ſolid ſuhſtance it meets in 
its way ſo as to make Soot : Thus, he lays, the 
zhe wiſcous Exhalations ff ieł to'the Planets, and en- 
eompaſs them to a conſiderable thickneſs ; whence it 
8 the Extremity of the Nucleus of a Comet 
gr its Limb, is commonly very irregularly terminated 

and rough as if it had Soot upon it. Then in the pro+ 
greſ: of the Satellite as it revobyes about its Primary, 
from time to time new Exbalat ions, (but thinner than 
tboſe which immediately M it, which can't be 
7 ffrongly condent d for want of a ſolid foumdatiun) 
fick to it, and extending elves every way round 
about it, not in the nianner of 4 Globe, but like a 
broad Diſc, one of whoſe Planes remains turn d to the 
Sun, and the Rays of the Sun make Right-angles 
with the Diſc, whence (as he ſays) the resſon is 
plain why the Tail always points towards the 


paris 
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enlighten'd by the Sun, yet no part of the Diſc but that 
which in reſpect of us is on this fide of the Nucleus and 
in the ſame Plane with us and the Sun, reflects Rays to 
our Eyes, the others being reflected the contrary way 
and on the other ſide of a Comet. 

The moſt obvious opinion to any one that 
looks at a Comet is, that the Tail has its Origin 
from the Head. And this is the Opinion of the 
moſt ancient Philoſophers, and of Ariſtotle him- 
ſelf, who ſaid that the Tail was a very thin 
Vapour a:ifing from the Head, but he ſuppos d 
it to be on fire. The moſt penetrating Dr. Hook 


from the obſervation of Comets, contriv'd the 


following manner of explaining the nature of 
a Comet and its Tail, upon account of the Co- 
met which appear'd at London in 1678. He 
ſuppoſes a Comet to ariſe from a Planet, whoſe 
gravity towards the Center about which it re- 
volv'd before, is deſtroy d by a certain inte- 
ſtine motion of the Parts (by which the Body 
is ſet on fire and appears in a flame) and which 
therefore is gane out of its place, moving in a 
Tangent to that point of ics Orbit in which it 
was when its ſaid change was perfected. Whence 
carried thro' the Ether in a Right line (except 
ſo much as that line is bent upon account of the 
matter of the Comet towards its Center) which 
not being yet fully chang'd is a little incurva- 
ted towards the Sun; the Planet thus chang'd, 
has its parts n the Echer and chang'd 
into it, as Salt is diflolyd by Water, or any 
thing elſe by a proper menſtruum. Moreover, 
the outer parts ſo chang'd, have not only loſt 
their gravity, but are become light in reſpect of 


the Sun, that is, fly from it. Whence as they 


are abſorb'd in Ether and carried upwards, and 
at the ſame time fly from the Sun, theſe igne- 
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ous Particles look like innumerable Projectiles 
going every way directly from the Nucleus of 
the Comet and tending towards a diſtant Point 
oppoſite to the Sun; therefore (by what has 
been demonſtrated by Torricelli in the 3zoth Prop. 
B. 2d of the Moticn of Projedile: they have the 
figure of a Parabolic Conoid, whoſe Axis is in a 
Right line joy ning the Sun and a Comet, ha- 
ving the center of the Nucleus for the Focus 
of the generating Parabola: Therefore the Tail 
of the Coment will put on ſuch a ſhape. But 
ſince the Heavy Bodies that we can come at do 
not intend or remit, that is, increaſe or dimi- 
niſh their Gravity, but their Gravity is proporti- 
onable to their Quantity of Matter, whatever in- 
teſtine motion the ſaid Matter has, we muſt not 
admit a loſs of Graviy or acquſition of Levity 
in other Bodies. | 
They that will not allow the Tail to be on 
fire, and think that to produce the Phznome- 
non, it is enough for the Vapour that goes from 
the Comet to be enlighten'd by the Sun, and 
by refleting the Rays of the Sun from its Par- 
ticles, to make that part of the Fther which 
they take up more enlighten d than the reſt of 
the Ether, which tho it receives the Light can- 
not reflect them, as wanting a reflecting ſub- 
ſtance, are oblig'd to find out the reaſon why 
the Vapour or reflecting Exhalation goes only 
on that ſide which is turn d from the Sun. Kep- 
ler expla ns the thing thus: The fat and groſs 
Matter of the Comet being gather'd into an 
Orb, from the nature of all things which are 
* united, and the Sun ftriking with direct Rays 
*and penetrating this Globe, be imagines that 
ſome of the inmoſt Matter of the Comet fol- 
* lows and go out the ſame way aß the Sun's 
, 8 6 5 TS. 5 5 a * * 
8 : e Rays 
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Rays go, and therefore by that means the Bo- 
f dy of the Comet has parts of it rubb'd, waſh d, 
© or ſtrain'd off, and thus there is a Quantity of 
Matter gather'd together on that fide of the 


Comet which is turn'd from the Sun, that re- 


© fleas the Sun's Rays and has the appearance of 
a Tail. James Gregory in ſome Phyſical things 
ſubjoin d to his Univerſ. Parts of Mathemat. will 
have a Comet to J a kind A bumid Body emitting 
its proper Vapours, always wandring about the At ber 
* — ae the ſame Practica in reſpeF to the 
Sun; Which is alſo the opinion of Hewelius in his 
Cometography, Pag: 430. who thinks the Tail pro- 
duc'd much after the fame manner: namely,7hat 
the thinneſt parts of the Atmoſphere of a Comet are ra- 
rified by the force of the Heat and from the forepart and 
each fide of the Comet are driven tawards the parts 
turn d from the Sun. And then, according to ame: 
Gregory's opinion, the half of the Comet which is 
turn d the Sun, and never warm d or enligbten d 
2 as very groſs and very opake Vapours, which 
being continually ſupplied or fed with the vapour-like 
matter of the Comet, and no way diſſalv d (by reaſon 
of the weak and oblique light of the Sun) grow to an 
immenſe Height and every way reflect the Sun's Rays, 
which are not ſtrong enough to expel the Exbalations. 
The incomparable Sir Iſaac Newton believes 
alſo, That the Tail of 4 Comet is nothing elſe but a 
very thin Vaponr, which the Head or Nucleus of the 
Comet ſends out by reaſon of its Heat. 
When a Comet deſcends to its Perihelium, 
the great quantity of Vapours which encom- 


3 


paſs 


were the moſt remote from the Sun, and there- 
fore the coldeſt, being rarified by the Sun's 
Heat aſcend ; that is, go towards thoſe parts 
which are turn'd from the Sun : For all the p_ 
Rs cobra: 4s: dents ed; 26 2h 


d it when it was in thoſe Regions which 
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ticles in a medium extended far beyond Saturn, 
(namely the Echerial Aura) gravitate towards 
the dun. This Aura heated by the warm par- 
ticles of the Vapour, which mixes with it, 
becomes rarer and therefore lighter than the 
reſt of the ambient Aura, and for that reaſon, 
being driven by it, riſes upwards, and takes with 
it the reflecting particles of which the Tail is 
made up; much after the manner that ſmoak 
riſes up a Chimney by the impulſe of the Air, 
which being rarified by heat, carries up the par- 
ticles of the ſmoak which are entangled with it. 
But becauſe beyond the Atmoſphere of the Co- 
met the zthereal Aura is very rare and next to 
nothing, or a Vacuum, therefore I ſhall attribute 
ſomething to the action of the Rays of the Sun 
— along with it the particles of the At- 
moſphere of a Comet, tho Kepler is not of this 
opinion; and altho' I believe, that (beſides the 
impetus acquir'd in the firſt aſcent of the Va- 
pour) the chief and moſt effectual cauſe of the 
aſcent of the Vapour which makes the Tail, is 
the rarity above deſcrib'd of the æthereal Au- 
ra, by reaſon of the particles which ariſe duly 
from the Comet in the neighbourhood of the 
Sun, where the Aura about the Tail is denſer 
and heavier. And then the Tail lifted upwards, 
does, like the Nucleus, gravitate towards the 
Sun after the manner of another Projectile in a 
in a Conic Section, and accompanies the Co- 
met in diſtant Regions till it is diſſipated by de- 


ces. 

5 Tho the Tails of ſome Comets being im- 

menſely extended, ſeem to require a great quan- 

tity of Matter to produce them, Experience 

ſhews us into what a prodigious heap of Smoak 

a ſmall piece of Wood or Pit-coal is n. 
| | an 
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and from the foregoing Lemma, it is plain how 
ſmall a por:ion of our Air may be diffuſed into 
immeuſe Spaces by its elaſtic Force. And tho 
the Tails are not of ſo rare a Texture, yet that ial 
they are e_— rare, in reſpect of Bo- g 
dies about us, is plain from this, viz. that the | 
leaſt Stars ſhine through thoſe immenſly deep 
Tails notwithſtanding they are enlighten'd by 
the Sun's Rays, when at the ſame time our Ter- | 
reſtrial Atmoſphere, whoſe depth is vaſtly leſs, N 
makes even the brighteſt Stars inſenſible when ' 
it is enlighten'd : Neicher are lucid things ſeen | 
more eaſily thro' a denſe Body when it is far- 
theſt 'remov'd from the Eye than when it is | 
t 
4 


neareſt to it, but rather wich more difficulty, as 
daily Experience ſhews us. 
COROLLART I. 
Since the Tail of a Comet is rais'd from its 


Head and the Atmeſphere about it, by the heat 
of the Sun, it follows that ic encreaſes as the 


fore it will be greateſt and brighteſt immedi- 
ately after the Comet has ſuſtain'd a great de- 
gree of Heat in its Perihelium, and is juſt got 
off from the neighbourhood of the Sun. But 
alſo the Atmoſphere of the Comet (which ſup- 
plies the Tail with moſt of ics Matter) is dimi- 
niſhed as the Tail encreaſes, and becomes nar- 
rower towards the Sun; and therefore ceteris | 
paribus, ( together with the Comet itſelf, the 
—_ part of which it appears to the naked 
Eye to make up) it appears leaſt immediately 
the Comet has paſs'd the Perihelium,where 
ſometimes it appears cover'd with a thick and | 
black Smoak, the attendant of a vehement Heat. 4 


co ROL 
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COROLLARY 2. 


Hence alſo it follows, that if the Tail of a 
Comet ſhou'd touch the Atmoſphere of our 
Earth, (or if a of this Matter ſcatter'd and 
diffus'd about the Heavens ſhou'd fall into it) 
the Exhalations of it mixd with our Atmo- 
2 (one Fluid with another) may cauſe very 
enſihle Ch in our Air, eſpecially in the 
Animals and Vegetables: For Vapours, as they 
call em, brought from ſtrange and diſtant Re- 
ions, and excited by a very intenſe Heat, may 
prejudicial to the Inhabitants or Products of 
the Earth; wherefore thoſe things which have 
been obſerv d by all Nations, and in all Ages, to 
follow the Apparition of Comets, may happen; 
and it is a thing unworthy a Philoſopher to look 
upon them as falſe and ridiculous. 


COROLLARY z. 


The Tail riſing like a Vapour directly upwards 
from a Comet and its Atmoſphere, that is to- 


. wards thoſe parts turn d from the Sun, will re- 


main in the Plane of the Orbit of a Comet, 
(that is, a Plane drawn thro' the Sun and the 
Track of a Comet) becauſe there is no reaſon, 
why in the quiet Æther it ſhou'd be ſo diſturb'd 


as to be carried more on one fide than another. 


Moreover, ſince the Vapour. going from the 
Head joins two Motions, and afterwards con- 
tinues to go on with that Motion, compounded 
of the Motion of a Right Aſcent near the Sun, 
and of the Motion of the Progreſſion of the 
Head ; the Tail won't be dire&ly curn'd from 
the Sun, bur a little declining from it towards 
thoſe parts left by the Comet; nay, the Tail 
will not be ſtreight but bent, being convex to- 

Y SW 
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wards the forepart and concave towards the back 
And tho' the riſing Vapour partakes of 
the Mction of the Head, yet by reafon of fome 
reſiſtance of the X:her ic will not go on ſo faſt 
as the Head. And by how much higher theVa- 
ur riſes which makes up the Tail, that is, by 

w much longer the Tail is, by ſo much more 
will it be reſiſted by the Æther; when the fore- 
fide of the Tail, or the Side towards the parts 
where the Comet is to go will be convex, but 
the following. one concave, and therefore the 
Tail of the Comet it ſelf will not be preciſely 


turn'd from the Sun, and even not direct but 


bent. And this deviation from the Sun's Op- 
poſition is ſo much the leſs, as a Right line 
joining the Sun and a Comet is more oblique to 
the Track of a Comet: For it a Comet ſhou'd 
go directly towards or from the Sun, the Tail 
wou'd be directly turn'd from the Sun and 
NKreight ; whence it happens that in the very 
Perihelium che Tail very much deflects from 
the Sun's Oppoſition, and is alſo very Curve, 
becauſe a Right line joining the Sun and the 
Comet will then be perpendicular to its Orbit. 
But by reaſon of the faid reſiſtance of the E- 
ther, however ſmall, the convex part of the 
Tail, (that is, the part that runs into the Ether) 
will be ſomething thicker, and conſequently 
will appear brighter and better terminated than 
the concave one, by which the parts reflecting 
the Light, being as it were left, are diffus d a- 
bout the Ether. Moreover, this deviation of 
the Tail and Incurvation from the Sun's Oppo- 
poſition, wiel, ceteris. p.ribas, be greater, for 
both the aforeſaid cauſes, when the Comet's 


Or dit is moſt Curve: For that the Tail might 


be conſtantly turn d from the Sun in ſuch a caſe, 
| its 


— 


— — — — — — 
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up, almoſt vaniſhes, and the V. 


718 The ELEMENTS Bock V. 


its Extremity ſhou'd deſcribe a Circumferencs 


greater than, and exterior to, that deſcrib d 
the Head, which it cou'd not do by the Motion 
which it receives from the Head, tho' there 
ſhou'd be no reſiſtance of the ther to dimi- 
niſh it. Therefore the Extremity of the Tail 
which is the moſt remote from the Comet, be- 
cauſe it does not deſcribe that greater Circums 
ference in ſo ſhort a time as the Head does the 
leſſer, (and that for the two reaſons that we 
mention d) will in this caſe be more Curve. 
But as this happens to a Comet at its Periheli- 
um, where the Tail, which before was lifted' 
apour which now 
riſes directly up chieffy makes up the Tail; for 
that reaſon the Curvity will not be fo ſenſible. 
COROLLART 4 

The Figure of the Tail which we have de- 
{crib'd in the foregoing Corollary, is that into 
which the Tail is rea'ly extended from the Head 


of the Comet; notwithſtanding which, if the 


Earth and the Spectator together be in the 
Plane of the Comet's Orbit, the curvity of the 
Tai will not be perceiv'd at all, becauſe it is 
all in that Plane: And eirhur the whole Tail 
will difappear when the Head is between the 
Eye and the Tail, or if the Head be lefs and' 
the Tail broader towards he other End, the 
Comet will appear Hairy, tnat is, encompaſs d 
round with the appearance of Hairs, (and ei- 
ther cf theſe may happen when che Son and 
the Comet are in oppo ſition or laſtly, the Tait 
will preciſe y appear to be in oppoſition with 
the Sun. Bur if the Spectator be cut of the 
Plane of the Comets Orbit, the eurvity of the 
Tail will be perceivabie; and will be by -4 
(OO EY mu 
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much the more ſenſible as a Right line drawn 
from the Earth to the Tail of the Comet be- 
comes more perpendicular, or nearer to a per- 
pendicular to the Orbit of the Comet (and 
conſequently to the Orbit of the Tail) and' 
all the Symptoms or Signs of the Curvature of 
the Tail deſcrib'd in the following Corollary 
will become more ſenſible. And theſe are the 
ſettled and conſtant Changes of the Tail of a 
Comet: For as to the uncertain and ſudden 
ones which Authors mention, they ſeem to 
have had their Riſe from the Vapours of our 
Atmoſphere, which by an accidental Refra- 
ction — alter d the Figure of the Tail; 
or from the Motion of the Clouds darkening 
ſome parts of the Tail; or from ſome neigh- 
bouring Stars, or a heap of them, or the Mi 

Way, ſometimes taken for part of the Tail. 


PrxoPOSITION V. 


Ore Comets are ſeen in the Hemiſphere towards 
| * Sun," than in that which is oppoſite to it. 
[Fig. 3. 
Let's denote the Sun, T the Earth ; the Cir- 

cle DE FH deſcrib' d about the Center 7, the 
Sphere of the Fix'd Stars, or rather that which 
bounds the fight. Becauſe Comets ſhine by 
the refleted Light of the Sun, they will not 
be ſeen before they are ſo enlighten'd by the 
Sun as to be able to affect our Eyes by that 
Light : And befides, as Comets are very conſpi- 
cuous upon account of their Tails, and do not 
emir chem till they are ſomewhat heated by the 
Sun; it is plain, that to have either the Comet 
or its Tail viſible, ir is neceſſiry for the Comet 
to come Within a defin'd diftance of the Sun. 
Let ABCG be a Sphere concentric to the Sun, 


de- 
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deſcrib'd at the ſaid diſtance from it; namely, 
ſuch an one, that no Comet, for want of being 
enlighten'd, ſhall appear, before it comes with- 
in the Surface of that Sphere: having join d $ 
and T produce the Line S T every way, till it 
meets with the ſaid Surface in 4 and C: Thro' 
T draw the Plane HE, to which AC is perpen- 
dicular, then it will divide the Sphere DE FH 
into two Hemiſpheres, one of which, HFE is 
towards the Sun, and H D E oppoſite to the Sun. 
All the Comets which are in the Segment of 
the Sphere BCG, will appear in the Hemifphere 
towards the Sun; but all thoſe which are in the 
Segment BAG will appear in the Hemiſphere 
Oppoſite to the Sun. But it is plain that the Seg- 
ment BCG is greater than B AG, becauſe the 
Center of the Sphere is in ir ; therefore more 
Comets will be ſeen in the Hemiſphere towards 
the Sun, than in that which is oppoſite to it. 
9. E. D. | 

But more of them will be firſt ſeen or diſco- 
ver'd in the Hemiſphere towards the Sun, than 
in the other, becauſe the part BCG of the Sur- 
| face of the Sphere is greater than che remaining 


part BAG; but they are ſuppos d ro be diſco- 
ver'd as ſoon as they touch that Surface. 


SCHOLIUM. 3 
By how much * the Sphere ABCG is ſup- 
pos d, that is, by how much nearer a Comet 
muſt be to the Sun before it becomes viſible, by 
ſo much does the number of the Comets, ſeen 
in the Hemiſphere towards the Sun, exceed the 
number of thoſe which appear in the oppoſite 
Hemiſphere; becauſe the Segment B CG does ſo 
much exceed the Segment BAG. And for that 
reaſon the number of thoſe which are firſt diſ- 

cover 


Book V. of As TRONOMY. 721 
cover'd is greater in the former than in the 
latter. | 
If A BCG be ſuppos'd to be a little leſs than 
the Sphere of Jupiter, or if the Comets are 
not viſible before they come nearer to the Sun 
than Jupiter, that is, if $4 be ſuppos d five 
times longer than ST (for the diſtance of 
Jupiter from the Sun is more than five times 
the diſtance of the Earth from it,) the Segment 
BCG will be almoſt twice the Segment BAG, 
and therefore almoſt twice as many Comets will 
be ſeen in the Hemiſphere rowards the Sun than 
in the oppoſite Hemiſphere : But the Surface 
BCG is only once and a haif the Surface BAG, 
and therefore half as many more will be firſt 
diſcover'd in that than in this. If the Sphere 
ABCG be leſs, as for Example, if S A be once 
and a half the diſtance of Mars from the Sun, 
four times more Comets (and a greater number) 
will be ſcen in the Hemiſphere towards the 
Sun, than in the oppoſite one ; but the number 
of thoſe which are firſt diſcover'd in the former 
will be three times greater than the number of 
thoſe diſcover'd in this latter. We are to take 
notice that from this number we muſt rake thoſe 
which cannot be ſeen by reaſon of their too 
reat nearneſs to the Sun; and on the other 
and, thoſe which are not too near the Sun are 
better ſeen in the Hemiſphere towards the Sun, 
than thoſe which are in the oppoſite Hemiſphere, 
becauſe they are more ſtrongly enlighten'd. 


| ProPosITION VI. 
O make an Eſtimate of a Comet's diſtance from 
the Sun, by comparing the Light of a Comet 


with the Light of a Planet. 
Since a Comet has no diurnal Parallax, and 
Rrr no 
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ſerit' a at the ſaid diſtance from it; namely, 
uch an one, that no Comet, for want of being 

enlighten d, ſhall appear, before it comes with- 

in the Surface of that Sphere: having join d 8 

and T produce the Line ST every Way, zill ic 

meets with the ſaid Surface in 4 and G: Thro 

T draw the Plane N E, to which AC ĩs perpen- 

dicular, then it will divide: the Sphere DE FH 

into two Hemiſpheres, one of, which, HFE is 
towards the Sun, and HDE to the Sun. 

All the Comets Which are i the Segment of 

the Sphere BC G, will appear in the Hemiſphere 

towards the Sun; but all thoſe g are 2 

ent B34 will appear 8 emiſphere 

. to the Sun. Marit it is plain that — 

S 2 tag BAG, becauſe the 

ce is in tt 5 therefore more 
will be En in the Hemiſphere towards 
the Sun, than in that 3 is oppoſite to it, 

2. E. D. * 7 OY 

Hut more. of chem will de-firſ 3 Alco⸗ 

ver d in the Hemiſphere towards che Sun, than 

in the other, becauſe the part BC 8 the — 
fage of . ag 

part BAG; ate ſappos d ro e 

Wan as ſoon conch r 


* eee, 4 
By how much s the Sphere ARCGis * | 
8 that is, 9. heave - much nearer a Comet 
Halt be c before it becomes viſible, by 
ſo much does be number of the Comets, en 
in the Hemiſpherẽ towards the Sun, exceed the 
number of thoſe which appear in the oppoſite 
Hemiſphere; becauſe the BCG does ſa 
much exceed the Segment.BAG. And for that 
reaſon the ans, af els: which are firſf diſ- 
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cover d is greater in the former thin in the 
latter. 

If A BCG be ſuppos d to be à little leſs than 
the Sphere of Jupiter, or if the Comets are 
not viſible before they come nearer to the Sun 
than Jupiter, that is, if $4 be ſuppos d five 
times longer than ST (for the diſtance of 
Jupiter from the Sun is more than five times 
the diſtance of the Earth from it,) the Segment 
BCG will be almoſt twice the Segment BAG, 
and therefore almoſt twice as many Comets will 
be ſeen in the Hemiſphere towards the Sun than 
in the oppoſite Hemiſphere : But the Surface 
BCG is only once and a haif the Surface BAG, 
and therefore half as many more will be firſt 
diſcover'd in that than in this. If the Sphere 
ABCG be leſs, as for Example, if 8 A be once 
and a half the diſtance of Mars from the Sun, 
four times more Comets (and a greater number) 
will be ſeen in the Hemiſphere towards the. 
Sun, than in the oppoſite one; but the number 
of thoſe which are firſt diſcover'd in the former 
will be three times greater than the number of 
thoſe diſcover'd in this latter, We are to take 
notice that from this number we muſt rake thoſe 
which cannot be ſeen by reaſon of their too 

eat nearneſs to the Sun; and on the other 

d, thoſe which are not too near the Sun are 
better ſeen in the Hemiſphere towards the Sun, 
than thoſe which are in the oppoſite Hemiſphere, 
becauſe they are more ſtrongly enlighten'd. 


ON. PrxoePosITION VI. 
No make an Eſtimate of a Comet s diſtance from 
the Sun, by comparing the Light of a Comet 
with the Light of a Planet. | 
Since a Comet has no diurnal Parallax, and 
>; no 
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no obſervations depending upon it can make its 
diſtance known, we may make an Eſtimate of 
by comparing the Light of a Comet with that 
of a Planet. And becauſe (by Prop. 57. B. 3.) 
the enlightening of the Comet (or the 8 
of its Light) at different diſtances from the Sun, 
are in a duplicate reciprocal Ratio of the ſaid 
diſtagces, and therefore (for reaſons alledg d in 
the ſaid Prop.) by how much more remov d the 
lucid Body is, by ſo much fewer Rays coming 
from it enter the Pupil of the Eye, and that 
in a duplicate Ratio of the encreaſs d diſtance, 
or in a duplicate Ratio of its diminiſh'd apparent 
Diameter; that is, the brightneſs of equal lu- 
cid Bodies are in a duplicate Ratio of their a | 
parent Diameters ; therefore (in this leſs accu- 
ate way of making an Eſtimate, by abſtracting 
Hom the different real Magnitude of the Nla- 
net and Comet) the Light of a Comet is to 
the Light of a Planer in a Ratio made up of 
the duplicate Ratio of the apparent Diameter 
of a Comet, to the apparent Diameter of a 
Planet, and the duplicate Ratio of the diſtance 
of a Planet from the Sun, to the diſtance of a 
Comet from it: And therefore the Square of 
I the diſtance of a Comet from the Sun, is to the 
4 Square of the diſtance of a Planet from it, in a 
Ratio compounded of the duplicate Ratio of the 
apparent Diameter of the Comet to the appa- 
reut Diameter of the Planet, and a Ratio of the 
Light or Brightneſs of the Planet to the Light 
of the Comet Whence the diſtance of a Co- 
met from the Sun, is to the diſfance of a Pla- 
net from it, in a Ratio compounded of the Ra- 
tio of the apparent Diameter of a Comet, to 
the apparent Diameter of the Planet, and a ſub- 
duplicate Ratio of the Light of the Planer to 


the 
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the Light of the Comet. But each compound- 
ing Ratio is given by Obſervation; therefore the 
compound Ratio is given, namely, that — 
the diſtances of a Comet and a given Planet 
from the Sun. And from Prop. 45. B. 3. we 
hare the diſtance of a Planet from the Sun; and 
therefore we ſhall alſo have the diſtance of a 
Comet from the Sun. 

By reaſon of the thick Smoke and the Atmo- 
ſp 4 it ſelf of the Comet which darkens its 
Nucleus the Nucleus (or ſolid Body of the Co- 
ow which we mean here) does not appear ſo 

ight; and therefore its'diſtance from the Sun 


found after the above mention'd manner, mi 
be diminiſh'd to become true. 


— 


SECTION II. 


To determine very nearly the Way and ap- 
parent Place of a Comet. 


His premis'd ſome Phyſical Conſiders- 
tions concerning Comets and their Tails, 

we ſhall go on to determine their Orbits by 
Obſervation, is the chief deſign of this 
th Book. And firſt we ſhall ſhew how, by the 
Method of that penetrating Aſtronomer Mr. 
Co » from ſome Obſervations made at the 


g of the a ce of any Comet, 
we Way Thich _ walk forwards go among the 
Fix'd Stars, and the Places which it will be in 
every Day may nearly be determin'd : Not that 
we would have thoſe be look'd upon as accurate, 
but that from thence it may be foretold iti what 
place a Comet muſt be look d for at a given 

Rrr 2 Time; 
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Time; whether or no it will in a little time be 
hid under the Sun's Rays, when it will be 


neareſt to the Earth, and move ſwifteſt, and o- 
ther things referring to this. 


PROPOSTLIT ION VII. 


Nou ing by Obſervation Two Places of a Co- 

met Few from the Earth, to determine its 
Way among the Fix d Stars, that is, its Node and 
Inclination to the Ecliptic. | Fig. 4. 
Leet C E repreſent the Ecliptic, and let B and 
D be two Places of a Comet found by Obſer- 
vation. Let a great Circle be ſuppos'd to be 
drawn thro' B and D cutting the Ecliptic at 4, 
which by what has been ſhewn in Prop. 10. B. 1. 
will be the Way of a Comet, whoſe Situation 
in reſpect of the Pcliptic is thus determin' d: 
Thro' B and D draw the Circles of Latitude 
BC and DE, and alſo the great Circle DC. In 
the Spherical Triangle DCE tectangular at E, 
you have given the Sides G E and E P, this be- 
ing the Comet's Latitude when at D, and that 
the difference of Longitude of the Places of 
the Comet B and D; therefore the Side DC will 
be found. Again, in the Triangle DBC you 
have all the Sides given; namely, DC lately 
found, BC the Latitude of B, the Place ob- 
ſerv'd and BD the obſery'd diftance of the Pla- 
ces; and therefore the Angle C BD' will be 
known, and therefore its Complement CB A. 
Laſtly, in the Triangle B AC you have, beſides 
the Right Angle at C, the Side BC, and the 
Angle ABC; therefore the Side CA and the 
Angle at A will be known, the Angle being the 
Inclination of the Comet's Way to the Eclip- 
tic, and the Side, the Interval of the Node, 
and the Point C known in the Ecliptic. 


PRO- 
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ProposITION VIII. Lemma. 
Hree Right lines TA, TB, TD, being given 
in Poſition, drawn from the ſame Point and 
lying in the ſame Plane, from the Point A given in 
any one of them, (asin T A) to draw the Right line 
AC, whoſe parts AE, EC, intercepted between the 
ſaid Right lines, will bave a given Ratio, namely, 
that of R to S. [Fig. 5. 
Let the Right line 4B be drawn any how 
from 4, to meet with T at the Point B; in 
this Line (produc'd if there be occaſion) on the 
part of it towards T D, take (by Prop. 12. EI 6.) 
BF, ſo that it may be to A as S to R; thro' F 
draw FC parallel to BT meeting with FD at C: 
and you will have AC requir'd. For (byProp.2. 
El, 6.) AE will be to EC, as AB to BF, that is, 
(by conſtruction) as R to S. 


SCHOLIUM. 


The Poſition and Magnitude of the Right 
line AC, are eaſily deſin d, by Trigonometrical 
Calculation: For in the Triangle 47 B you 
have given the Side AT, the Angle 47B and 
the Angle TAB known by drawing the Line 
AB; whence the Angle 4 BT and the Side 4B 
will be known; therefore B F having a Ratio to 
the given AB is given, and for that reaſon its 
parallel, and conſequently equal C A. Again, 
in the Triangle TMC, knowing the Angle 
CTM, (given at firſt) and C MT equal to FB M 
(thar is, to the Complement of the before found 
ABT to two Right Angles) and the Side C , 
you will alſo have CT. Laſtly, in the Triangle 
ACT, having the Sides 7.4, CA and the Angle 
between them ATC, you will find the third 

Side CA and the Angles TAC and TC A; that 


Rrr 3 5, - 
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is, the Magnitude and Poſition of the — line 
AC. 


ProPOSITION IX. 


Fi three wa ervations made at the beginning of 
the Appearance of a Comet, to determine the 
of the Peri — at what time a Comet will 
hays in 4 and to * the Place of the Comet for a 
given Time. (Fig. 6.] 

Let T repreſent the Earth, ( which here, 
where we go not to the greateſt accuracy, we 
ſhall conſider as at reſt, abſtracting from its Mo- 
tion) ABDG a Circle among the Fix d Stars, in 
which the Comet ſeems to go, determin mind by 
Prop. 7. in which the Three obſery'd Places of a 
Comet are, A, B and D. Let R be put for the 
Time between the Obſervations at 1 and B, 
and $ for the Time between the Obſervations 
at B and D: Let the Right lines TA, TB and 
TD be ſuppos d to be drawn, and, by the fore- 
going Lemma, let the Right line-40 be drawn 
thro' 4, whole parts AE, EC, intercepted be- 
tween the two Right lines TA, TB, and the 
two TB, TD, are = R to S: This will be near- 
ly the Trajectory of the Comet, eſpecially in 
ſome — diſtance. of the Comet fro 
the Perihelium. For in that caſe the Way 72 
the Comet is nearly ſtrait, and the Comet — 
equably thro it; therefore the Spaces gone thro” 
are proportionable to the Times: But AE is to 
EC as the Time in which the Comet is ſeen to 
move from 4 to B among the Fix'd Stars to the 
Time in which it is gone from Bro D; and tha 
agrees to no Right line drawn from A to the 
ſame parts of 7, except 40: This is therefore 
AE the Comers Traser. WA 


You 
e 
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You have (by the foregoing Lem.) the Situa- 
tion of the Right line 4O and the Magnicude 
of AC in reſpect to AT; that is, in the Triangle 
ACT you have all the Angles and all the Sides 
given. Let TP be drawn from 7, perpendicular 
to AO the Right-lin'd Trajectory, and let it be 

roduc'd till it meets with the Circle 4 B Dat G. 
t is plain that the Comet moving in the Trajecto- 
ry AO, is in its Perigzum at P; for the Right line 


T Pis the ſhorteſt that can be drawn from Tto AO; 


And G will be the Place among the Fix'd Stars, 
which a Comet in its Perigæum will appear tg 
be in. To find out which, in the Triangle 


AP, rectangular at P, you have the Side 47 


and the Angle PAT; from which you will know 


the Sides AP, TP, and the Angle ATP, the 


Complement of PAT to a Right Angle, and 
its Meaſure the Arc AG, and therefore the 
Place of the Perigzum in a great Circle be- 
tween the Fix'd Stars which the Comet deſcribes, 
when the Point A is known by Obſervation. 
This Place G of the Perigæum is thus very ea- 
ſily reduc d to the Ecliptic NR L: Thro' G draw 


the Circle of Latitude G L, meeting with the 


Ecliptic at L: And in the Triangle NL G, be- 
ſides the Right Angle at L, you have the An- 
gle N, { —y Prop. 7.) and NG the ſum 
(or difference) of the known Arcs NA, 4G; 
whence will be known NL, the Longicude of 
the-Peri 
titude of the Comet in the Perigzum. More- 
over, knowing the Ratio of the Right lines 
AC and AP, to the fame 47, you will alfo 
know the Ratio between 4 C and AP: But be- 
cauſe a Comet moves equably, the Ratio be- 
tween the Times in which the Comet moves 
thro' AC, AP is the ſame with the Ratio of 

Rrr 4 AC 


m from the Node, and G L the La- 
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Ac to Ap; and the Time in which it has mo- 
ved from A to C is known by Obſervation, be- 

the ſame which is ſpent between the firſt 
Obe ervation in A and the third in D; and there- 
fore the Time will be known in which 2 Comet 
does move really from 4 to P, and apparently 
from A to G; that is, between a known Point 
of Time and the Time in which the Comet 
will come to the Perigzum. Therefore the 
Time will be known in which a Comet will be 
in its Perigzum. 

Beſides, let the Interval between the ven 
Time for which the Place is ſought, and the 
Time of any Qbſeryotion (as for Example, of 
the firſt in 4) be requir d. Let the Line 49 
be taken in the Line AO, ſo that it may be to 
AC as the lately found Interval of Time, to the 
— Interval of the Obſervations of the Co- 
met at 4 and P: draw T. Q and produce it till 
it meets with the Circle NAD in the Point V, 
thro which we muſt ſuppoſe the Circle of La- 
titude X ro be drawn. It is plain from what 
has been ſaid before, that the Comet is in the 
Point 2 of the Trajectory AO at the given 
Time. the Triangle QAT, from the given 
Sides AT,. 4 Q, and the intercepted Angle 
TAN, you will find the Angle AT A, and 
therefore its Meaſure (namely, the — 47 
will be known: But the Point 4 is known; 
therefore alſo the Point V, or the requir'd place 
of the Comet in the apparent Way at the Time 
given. But the Situation of this Place in re- 
ſpect to the Ecliptic is found, by having alrea- 
dy, in the Triangle NX, rectangular at X, 
the Angle / N and Side NU, by having found 
N X, the 6 of the Comet from the 


Node, 
) 
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Node, and XU in Latitude agreeable to a given 
Time. 

Inſtead of the firſt and ſecond Obſervations, 
any two Obſervations may be taken in this 
ctice, or any one of them with the Place and 
Time of the Perigzum above found. And that 
way Ephemeris's for Comets may be made. 


SCHOLIUM. 


In a Matter of ſo little accuracy, it will per- 
haps be ſufficient to deſcribe the Way of a Co- 
met, at its firſt appearance on the Surface of 
the Celeſtial Globe, and- to mark its Places for 
every Midnight of an Obſerver's Habication by 
protraction. For if ac the beginning of the 
appearance of a Comet, its Situation among 
the Fix'd Stars be obſerv'd, namely, by looking 
at it with a ſtretchd Thread, and ſo knowing 
when it lies in a Right line with two known 
Fix'd Stars, and at the ſame time finding two 
other Fix'd Stars, with which alſo it lies in a 
Right line, which may eaſily be done among 
ſuch a multitude of Fix'd Stars; a great Circle 
going through two (or more) Places obſerv'd, 
mark d in the Globe (which the farther they 
are from one another, the more exact the pra- 
ctice will be) will be the future Way of a Co- 
met. But a great Circle going thro' them will 
eaſily be found, by raiſing or deprefling one of 
the Poles, and at the ſame time turning the 
Globe till the Places mark'd are at the ſame 
time found in the Horizon ; for then the Circle 
which the Horizon at that time denores on the 
Surface of the Globe, will be the Circle re- 
quir'd. Therefore its Interſections with the E- 


eliptic will be the Nodes of the Orbit of the 
Comet, and the Angle which the Ecliptic 
R 3 makes 


7 . — - 1 —_— N 


| 
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makes with the Horizon (meaſur'd by the Alti- 
tude of the Nonageſim Degree) will be the Incli- 
nation of the Orbit of a Comet to the Ecliptic. 
Let a Circle be deſcrib'd with its Diameter equal 
to that of the Globe, as for Example ABD, whoſe 
Center is 7, in whoſe Circumference, if you 
take the Point A, it will.repreſent the Place a- 
mong the Fix'd Stars, in which the Comet was 
firſt obſerv d: Let the Arcs AB, AD be taken 
equal to the diſtances of the Places of the Co- 
met, mark'd on the Surface of the Globe, from 
the Place firſt obſerv'd, and let TB, TD be 
drawn: And (by Prop. 8.) let the Right line 
AO be drawn in ſuch manner thro 4, that 
AE may be to ECasRtoS, that is, (by con- 
ſtruction) as the Time between the firſt Obſer- 
vation and the ſecond, to the Time between 
the ſecond and the third. From I letting fall 
TP perpendicular to AO, and producing it ( if 
need requires) as far as the Circumference at G; 
an Arc equal to AG being transfer d from the 
Place firſt obſerv'd, to the Way of the Comet 
deſcrib'd above on the Surface of the Globe, 
the Point G will ſhew the Place a the 
Fix'd Stars which the Comet will be in, in its 

Perigzum. Ti, 
Moreover, if the Right line AC be divided 
(either actually, or by help of Galilzus's Com- 
paſſes of proportion) into ſo many equal parts, 
as there are Hours (or Minutes, if the Scheme 
be large enough) between the firſt Obſervation 
in A, and the third in C; each of thoſe parts 
will be the Way of a Comet moving equably 
in AO for the ſpace of an Hour, and twenty 
four of them will be the Way of it in the 
ſpace of a natural Day, and ſo on. Therefore 
the Place of a Comet among the Fix d 3 
| or 
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for a given Time, is determin'd upon the Globe, 
if ſo many of the foreſaid parts be taken from 
A towards O, in the Right line 40, as Hours 
are paſs'd between the Fime of the firſt Obſer- 
vation and the given Time; as for Example, 
Ag, and let the Right line 72, joining the 
Center 7 and the End © of the taken parts, be 
produced to V, and let an Arc be taken equal 
to AV, from a Point anſwering to A in the Co- 
met's Way, one Extremity. of it will ſhew the 
Place of the Comet among the Fix'd Stars, a- 
greeable to the ſaid Time. The Place of a 
Comet for every Midnight will after the ſame 
manner be protracted upon the Surface of the 
Globe : Whence the Longitude, Latitude and 
other things belonging to a Comet, will (by the 
Operations taught in B. 2.) be eaſily defin'd. 
Theſe things which are done on a Globe, ma 
likewiſe be done in any Planiſphere in whicl 
the Fix'd Stars are drawn. 


—— 


The Way of a Comet being firſt drawn, and 
the Places agreeable to different Times will be 
corrected by the following Obſervations: For 
this Operation and Calculation is not to be ex- 


pected to be without any Error. 


PROPOSITION X. 


O define in what Time a Vapour going out of a 


1 Comet, riſes from the Head to the Extremity 
of the-Tail. [Fig. 7.] 


Let S denote the Sun; AB part of the Tra- 


jectory of a Comet, in which let N be the Nu- 


.cleus of a Comet moving from 4 towards B; 
C the Extremity of the Tail. Now ſince (by 
Corol. 3. Prop. 4.) the Tail NFC is not exactly 
turn'd from the Sun, that is, NC does not lye in 
directum with S N, but turning towards A, the 


parts 
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parts which the Comet has left, and whoſe In- 
clination is known by Obſervation ; let S R be 
drawn parallel to NC, cutting the Trajectory 
at the Point D behind the Comet. The Vapour 
which now makes the Extremity C of. the 
Tail, began to riſe from the Nucleus when the 
Comet was in the Point D; becauſe a Vapour 
with a Motion of aſcent, or directly from the 
Sun, is compounded of the progreſſive Motion 
of the Comet impreſs'd to it from the Head be- 
fore its ſeparation. But by the foregoing Prop. 
will be defin'd (exactly enough for ſuch an en- 
quiry as this, which is not very accurate) the 
Time that a Comet was at the Point D, before 
the Time propos d of the Obſervation, as great 
as is requiſite for a Comet to go thro the Right 
line DN, given in length. Therefore the Time 
is found in which the Vapour riſes from the 
Head to the End of the Tail. 


PRO POSITION XI. LEMMA. 
Our Right lines given in Poſition, lying in the 
ſame Plane, to draw à fifth which ſhall be cut 
by thoſe four, in three parts, having a given Ratio 
and a given Order themlelves.. | Fig. 8.] 
Let there be four Right lines given in Poſition, 
namely, AE, AC, BC, and BD produc'd in 
infinitum, and three Quantities given, R, S, and 
V: a Right line is to be drawn cutting the four 
firſt given Lines at A, O, N and X, ſo that 
AMO may be to ON, as R to S, and N to NR 
as S to. 
Let CG be taken, ſo that it may be to CE as 
S and / together to R; take alſo FC to CD, as 
R and S together to /: Draw the Right lines 
AG, B Fand produce them till they meet; thro' 
their concourſe H draw HR, parallel to 22 
an 
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and HM parallel to BC, with reſpective Right 
lines concurring as in the Scheme: Draw AR 
and it will be the Line requir'd. 

For by reaſon of the Parallels HM and TN. 
KN is to NM as KT toTH. But becauſe 
H K is parallel to FD, KT is to TH as DC to 
CF, that is, by conſtruction, as to R and $ 
together; and therefore KN is to NM as to 


R and S together. Again, by reaſon of the 


parallels HK and OX, MO is to OK as MX to 
XH: But becauſe H M is parallel to EG, MX 
is to XH as EC to CG, that is, by conſtruction, 
as. R to & and together; and therefore MO is 
to OK as R to & and together. But it has al- 
ready been ſhewn, that NK is to MN, as V to 
R and S together. Therefore, by diviſion, the 
three Right lines MO, ON and N K have the 
ſame Ratio to one another as the three Quanti- 
ties R, S and V/. . E. F. 

We do not ſay any thing here of the Limi- 
tations and different Caſes of this Problem, as 
being manifeſt enough to any one that conſiders 
this Matter. | 

This Conſtruction is the Invention of the 
famous Geometrician Sir Chriſtopher Wren. 


SCHOLIUM. 

The Poſition of the Right line MX and of the 
Points M, O, N and X, of the diſtance from 
A, B, C, D or E, are thus eaſily determin'd by 
Calculation. All the Interſections of the four 
Right lines firſt given, AE, AC, Ec, and BD, 


as the Points A, B, C, D and E, are given (by 
the 25th Datum, and the Angles at them, by the 
inverſe of Dat. 29. wherefore the Right lines 

AC, BC, CB, CE and BD (by the 26h Datum) 

are given in Magnitude, But (by the 24 Pat.) 
CF 


f 
| 


I 
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=. 


534 The Efiments Bock V. 
CF and CG are alſo given, having a given Ratio 
to CD and C E reſpectively. the Triangle 
BCFthe Sides CB, C F, and the Angle between 
them, BCF being given, you have the Side B F 
and the Angle BFC, and conſequently the An- 
gle on the other fide of it A FH. Likewiſe, in 


the Triangle ACG, from the given Sides 4C 


and CG, with the Angle ACG, you will have 
the Angle CAG. Therefore in the Triangle 
AFH two Angles, AFH and FAH, which 
were before found, being given, with the Side 
between them AF, (the ſum or difference of 
the known Right lines AC and CF) the Side 4H 
will be known. Laſtly, in the Triangle A HM, 
having the Angle HAM, (the ſum or difference 
of the known Angle CAE, HAC) and the An- 
gle AMH, equal to the given AEC, as alſo 
the Side A H, you will know the Sides HM and 
AM, the diſtance of the Point M from the 
known Point 4. You may, by the ſame Steps, 
find the Sides BK and H&K in the Triangle BK H. 


angle MHK, knowing the 
Sides HM, HR, and the Angle berween them 
MHR (equal to EC A before known, you will 
know the Angles HMK, HK M and the Baſe 
MK : But the Angles HM A, HMK being 
given, you will have their ſum or difference 
AMXK ; that is, the Poſition of the Right line 
MK, AM being given in Poſition. After the 
ſame manner 40, or BN, or BK, and the An- 
gles which MX makes with them, are found by 
Trigonometry. | 


\ ; Pra 


Book V. of ASTRONOMY. 735 


PROPOSTTIORN XII. 


Our obſerv d Places of a Comet _ iven, to 
determine its Trajectory, if rectilineal. | Fig. 9.] 
Let S repreſent the Sun; ABCD the Magnus 
Orbis; and let the Points A, B, C and D be 
known Places of the Earth at the Times of the 
Obſervations; AE, BF, CG and DH; four 
L ongitudes of an obſery'd Comet. By Prop. I T. 
draw the Right line E H in ſuch manner that its 
part E F intercepted between AE and BF, may 
be to FG, its part intercepted between BF and 
CG, as the Time between the firſt and ſecond 
Obſervation, to the Time between the ſecond 
and third; and that the ſaid FG may be to GH, 
its part intercepted between G C and DH, as the 
Time between the ſecond and third Obſervati- 
on, to the Time between the third and fourth; 
and E H thus deſcrib'd will be the Mark of the 
Orbit of a Comet, in the Plane of the Ecliptic; 
that is, if thro' a Right line, which is the Tra- 
jectory of a Comet, a Plane be ſuppos d to be 
drawr. perpendicular to the Ecliptic, this Right 
line EH will be the common Section of thoſe 
Planes. For ſince, according to the preſent 
Hypotheſis, a Comet moves equably in a Right 
line, if from the Points of that Right line, in 
which the Comet was at the time of the four 
Obſervations, Perpendiculars be let fall to the 
Plane of the Ecliptic, they will fall on the 
Right lines AE, BF, CG, and DH reſpective- 
ly, becauſe theſe denote the Places of the Co- 
met in the Ecliptic ; and theſe four Points will 
be in the ſame Right line, namely, the com- 
mon Section of a Plane thro' the Trajectory 
perpendicular to the Plane of the Ecliptic wich 
the ſaid Plane of the Ecliptic ; and beſides (by 


3 rep. 
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Prop. 2. El 6.) the diſtances between thoſe Points 
will be as the diſtances of the Points in which 
the Comet was found in its proper Trajectory, 
and therefore as the Times between the Obſer- 
vations : But E His the only Right line whoſe 
parts lying between the Right lines 4 B, B E, 
CG and DH are as the Times between the four 
Obſervations reſpectively; and therefore the 
Right line EH is the Mark of the Orbit of a 
Comet on the Plane of the Ecliptic. | 
But to compare the diſtance of a given Point 
of this Right line with the mean diſtance of the 
Earth from the Sun, for a time given, we muſt 
work thus: In the Triangle ASB you have (by 
Prop. 18. B. 3.) the Sides S 4, SB, the diſtances 
of the Earth from the Sun for given Times, 
and the intercepted Angle ASB which is the 
difference of the Places of the Earth ſeen from 
the Sun ; therefore you will have the Angles 
SAB, SBA, and the Right line 4 B the Chord 
of the Arc gone thro' by the Earth in that Time; 
that is, the Ratio of that Chord, to the Semi- 
diameter of the M:gnus Orbis. Again, in the 
Triangle X AB all the les are given, 'be- 
cauſe you have the two X AB, K B A (namely, 
this laſt being the ſum or difference of the 
known Angles SBA, S BR, and the firſt like- 
wiſe the ſum or difference of the known Angles 
SAB, SAK ;) wherefore you have the Ratio of 
the Sides A K and AB: But the Ratio of 84 
and A B was given before; therefore the Ratio 
of SA to KA will be known. Juſt after the 
ſame manner, from two Places. of the Earth, 
A and D, the Ratio between SA and 40 will 
be found ; wherefore the Ratio between SA and 
KO will be known, being the difference between 
AO and KO: But it has been ſhewn in the fore- 


going 


Book V. ef As TRONOMNY. 737 
going Propoſition how to find the Ratio be- 
tween KO and K E, wherefore the Ratio be- 
tween SA and K E will be known, and there- 
fore alſo the Ratio between SA and AE. 
Moreover in the foregoing Propoſition, the 
Angle AE H is alſo found; therefore A E is 
found, being the Diſtance (in a right line gi- 
ven in poſition) of the mark of a Comet's Tra- 
jectory from the Earth, expreſs'd in parts of 
the Semidiameter of the Magnus Orbis, and its 
inclination to the ſaid right line. After the 
ſame manner BF, or CG, or DH, may be 
compar'd with the Semidiameter of the Magnus 
Orbis, and the Angles at F, G and H will be 

found. | 
To determine this Trajectoty, from E to the 
Plane of the Ecliptic, (which is the ſame with 
the Plane of this Scheme) let E A be ſuppos'd 
to be the erected Tangent of the Angle of the 
Comet's Latitude in the firſt Obſervation, ſup- 
poſing A E the Radius; and M will be the 
place of the Comet in the Mundane Space for 
the firſt Obſervation, becauſe the poſition of the 
Right line AE is its Longitude, and the Angle 
MAE its Latitude, Likewiſe at H let the 
Right line HL be rais'd perpendicular to the 
Plane of the Ecliptic, and equal to the Tan- 
gent of the Latitude obſerv'd the fourth time 
for the Radius DH; and L will be the place of 
a Comet in the Mundane Space for the fourth 
time: And therefore M L being drawn is the 
requir'd rectilineal Trajectory of a Comet, in 
which a perpendicular let fall from & will ſhew 
the Perihelium. It is plain, that the diſtance 
of the Point M from A, or the Right line 4 A4 
is to the Right line A E as the ſecant of the La- 
titude in the firſt Obſervation to the Radius, and 
Sſſ 5 that 
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. 2. EI 6.) the diſtances between thoſe Points 
| wil be as the diſtances. of the Points in which 
the Comet was found in its proper Trajectory, 
and therefore as the Times between the Obſer- 
vations : But E His the only Right line whoſe 
parts lying between the Right lines 4 B, B E 
C and DH are as the Times between the four 
Obſervations reſpectively 
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ound ; wherefore the Ratio between $.4 and 
NO will be known, being the difference between 
Ac and KO: Bot it has been ſhewn in the fore- 
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ing Propoſition how to find the Ratio be- 
—_ K 2 KE, wherefore the Ratio be- 
tween SA and K E will be known, and there- 
fore alſo the Ratio between SA and AE. 
Moreover in the foregoing Propoſition, the 
Angle AEH is alſo found; therefore A E is 
found, being the Diſtance (in a righe line gi- 
ven in poſition) of the mark of a Comet's Tra- 
jectory from the Earth, expreſs'd in parts of 
the Semidiameter of the Magnus Orbis, and its 
inclination to the ſaid right line. After the 
ſame manner BF, or CG, or DH, may be 
compar'd with the Semidiameter of the —4* 
Orbis, and the Angles at F, G and H will be 
found. | 6 

To determine this Trajectory, from E td the 
Plane of the Ecliptic, (which is the ſame with 
the Plane of this Scheme) let E MA be ſuppos d 
to be the erected Tangent of the Angle of the 
Comet's Latitude in the firſt Obſervation, ſup- 
poſing A E the Radius; and M will be the 


place of the Comet in the Mundane Space for 


the firſt Obſervation, becauſe the poſition of the 


Right line 4 E is its Longitude, and the Angle 


MAE its Latitude. Likewiſe at H let the 
Right line HL be rais'd perpendicular to the 
Plane of the Ecliptic, and equal to the Tan- 
t of the Latitude obſerv'd the fourth time 
for the Radius DH; and L will be the place of 
a Comet in the Mundane Space for the fourth 
time: And therefore M L being drawn is the 
requir'd rectilineal Trajectory of a Comet, in 
which a perpendicular let fall from $S will ſhew 
the Perihelium. Ir is plain, that the diſtance 
of the Point M from A, or the Right line 4 A 
is to the Right line A E as the ſecant of the La- 
titude in the firſt * to the Radius, _ 

| 9 
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that DL is to DH as the ſecant of the Lati- 
tude obſerv'd the fourth time to the Radius; 
but L M will be found in the Triangle LP M, 
LP being drawn thro' L parallel to HE, meet- 
ing with ME at P: For beſides the Right An- 
gle at P, the ſides LP, PM are given, the firſt 
of them equal to the before known HE, and 
the laſt equal to the difference of the known 
ME, HL; wherefore L M will be known, be- 
ing a Right line equally gone through by a Co- 
met during a known Time, namely, whilſt the 
Earth moves from A to D. 


Moreover, for finding the Node, the Time 
when the Comet will be in the Node, the incli- 
nation of the Comet's Way to the Ecliptic, and 
other things of this nature, let ML be pro- 
duc'd till it meets with E H, as for Example at N; 
NH will be to HL as HE to PM, and there- 
fore known; alſo LN will be to LH as LM to 
AM P, and therefore alſo given: Let a Time be 
taken which is to the Time between the firſt and 
fourth Obſervation as NL to LA, and it will 
be the Time between the fourth Obſervation 
and the moment when the Comet will be in 
the Node; for in an equable motion (ſuch as 
we ſuppoſe this of a Comet)theTimes are as the 
Spaces gone thro' : But the place of the Comet 
in the Node will be given: For ſince the point 
N is given, and (by reaſon of the Time known 
between the fourth Obſervation and the mo- 
ment when the Comet is in the Node) the Place 
alſo of che Earth is given for that moment; you 
will have (by Dat. 26.) the poſition of a Right 
line joining thoſe Points, that is, the Longitude 
of the Comet when it is in the Node. Moreover, 
becauſe you have the diſtance of the Node from 


the point H (che place of the Comet at the 
fourth 
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fourth Obſervation) and the Latitude of the 
Comet at the ſaid point H, (namely the two 
ſides about the Right Angle in à rectangular 
ſpherical Triangle;) you will have the Incli- 
nation of the Hypothenuſe or of the Comet's 
Way to the Ecliptic. | 
PRO POSITION XIII. 
T as before, to find the Plate of a 
r Cor 2 from ps Earth for @ given + bo 
18. 10. # 
E. the mark or ſection of the Orbit of a Co- 
met be, by the foregoing Prop. determin'd on the 
Plane of the Ecliptic, namely EHNR, and 
MLN the Orbit itſelf in the Mundane Space, 
the Points N, H, E, M and L, denoting the ſame 
things as before : Let ER be takento EH as 
the ſpace between the firſt Obſervation and the 
Time given, for which the Comet's Place is re- 
quir'd, to the Time between the firſt and fourth 
Obſervation : Moreover, find (by Prop. 18. B.z.) 
the place of the Earth for the Time propos'd, 
wiz. the point . The poſition of the Righe 
line R whoſe two Extremities © and R are 
known, (being given by Dat. 26.) gives the ro- 
quir'd Longitude of the Comet. Moreover, let 
RV be taken to RN as ME to EN, and the 
Latitude of the Comet will be at the given Tims 
an Angle whoſe Radius is AR, and the Tan- 
gent the Right line RV. 
After this manner may you make Epheme= 
riss of the motion of a Comet, either graphi- 
cally or by calculation. Lhe 
After the fame manner you may find the di- 
2 ot a Comet us = Earth, either 
ts Perigzum, or for a Time given, as we 
. 2 - ſhorten d 
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ſhorten'd as in its Trajectory, expreſs'd in 
parts of the Diameter of the Magnus Orbis ; as 


alſo the Angle which the Trajectory of a Co- 
met makes with a Right line joyning a Comet 


and the Earth, and which the mark or ſection 


of the Orbit of a Comet in the Plane of the E- 
cliptic contains with a Right line drawn from 
the Earth to the place of the Comet in the E- 


cliptic. 
Pei COROLLARY. 


Hence the true Magnitude as well of the Nu- 
cleus of a Comet, as of the Peruke or Hairineſs 
about it like an Atmoſphere, will be determin d; 


for when once you know the Diſtance of a Co- 


met and the apparent Diameter of the Nucleus, 
and of the Atmoſphere about the Nucleus by 
obſervation, their Magnitude will be known 
after the ſame manner that the Magnitude of 
the Planets is known from the like Data in 
Prop. 46. B. 3. For by knowing the Places of 
the Sun and of a Comet, the Angle which the 
Tail makes with a Right line joyning the 
Earth and a Comet will be known, and the 


Angle at the Earth which the Tail of a Comet 


ſubtends is known by Obſervation ; from which 


things being known and from the given diftance 


of a Comet from the Earth (namely the ſide 
between the ſaid Angles ) the length of the 
Tail will be known : Its thickneſs will be found 
the ſme way as that of a Comet. 


SECTION 
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SECTION III. 


"To determine the true Trqjectory of a Comet. 


E have in ſome of the foregoing Pro- 
* poſitions ſhewn how to find ſuch a Tra- 
jetory of a Comet as does not much J 
with the Phænomena, not only becauſe ſuch 
a Trajectory will ſuffice for nearly determining 
the Places of ſeveral Comets, and becauſe 2 
retty many of the chief Philoſophers did be- 
eve that a Comet was really carried in a Right 
line ; but alſo becauſe by that means we have 
laid a Foundation for finding the true Parabo- 
lical or Elliptical Trajectory to be deſcrib'd 
from Obſervations, which we ſhall do in the 
following Pages, after we have premiſed ſome 
Propoſitions concerning the motion of a Comet 
in a Conic Section. for the better underſtanding 
of it, and laid down neceſſary Lemmas. 


PROPPOSITION XIV, LEMMA. 


T F the Right line GAB touches the Parabola VA, 
whoſe Vertex it V and Axis VD in-the Point A; 
and from F the Focus of the Parabola F C be let fall 
perpendicularly on the ſaid line, it will be a Mean 
Tig. 174 44 the Right lines FA and FV. 
ig. IT. 
Let the right line touching the Parabola and 
the Axis of the Parabola be produc'd till they 
meet together, as for le at B: Thro' A 


let AE be drawn parallel and 4D perpendicular 
to the Axis; and BY will (by Prop. 35.B. 1. EI. 
Conic.) be equal to YD, and by the well-known 
catoptrical property of the Parabola) the An- 
3 Sif 3 gle 
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gle GAE is equal to the Angle FAB; But 
GAE is equal to ABF; whence F AB is e- 
qual to FBA, and therefore FB is equal to F A, 
and AC equal to CB; therefore (by Prop. 2. 
El. 6.) VC being drawn is parallel to 4 D, that 
15, perpendicular to B F. Whence (by Prop. 8. 
El.6.)CFis a mean proportional between BF 
and /F: But A F has been ſhewn equal to B E, 
and therefore C F is a mean proportional be- 
tween FA and FV. 2. E. D. 


COROLLARTI. 


Hence it follows, that in the ſame Parabola 
FC is in a ſubduplicate ratio of F. A, or that this 
FC is to any other FC in a ſubduplicate ratio 

of this FA to another FA agreeable to ano- 
ther ſaid FC; or fince /F is conſtant and un- 

changable, FC d will be as FA itſelf, and there- 
fore the right line FC itſelf in a ſubduplicate 

ratio of the right line F 4. 


COROLLARY 2. 
If in FV produc'd be taken / H equal to J E. 
and the infinite Line H RK be drawn parallel to 
VC, on which from any point 4 of the Para- 
bola AK be let fall perpendicular, it will be 
equal to F 4 the diſtance of the point 4 from 
the Focus. And converſly if A X, let fall per- 
pendicularly from 4 on the right line HR, be 
equal to the right line 4 F; the point 4 will 
be in the Parabola above deſcrib'd, whoſe Fo- 
cus is F and Vertex J. 


The Firſt it appears from hence: That BY is 
equal to / D (by Prop. 33. B. 1. Conic.) and HV 
by conſtruction is equal to /, and therefore BF 
is equal to H D: But it has been before ſhewn, 
that A F is equal to BF and by (Prop. 34. El. 1.) 
EXA is equal co HD; whence KA and FA are 
equal. Put 
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But the ſecond from hence : By ＋ 
AK is equal to A F, wherefore the point A is 
in a right line pe to FK rais'd 
from its middle point. Now, if a Parabola 
whoſe Vertex is F and Focus F, does not go 
thro A, let it go thro' any other Point of 
right line K A, (or produc'd if occaſion require) 
as for Ex 4. "Becauſe (by what has been al- 
ready ſhewn, Fe is e val o LES whence the 
Poin « is in the foreſai pendicular to FR 

is d from its middle Pol. Therefore the ſaid 
— . will meet with the two Points 
A and « of the right line K A, which is ab- 
ſurd; and therefore a Parabola whoſe Focus 
is Fand Vertex V, will go thro the point 4, if 
AK and AF be equal. 


PROPOSITION xv. 


F a Body moves in a Parabola, (and atthe ſame time 
be urg d by Forces tending to the Focus of the Para- 
bola, which Forces are reci Pony — to the 
Square of the diſt ance of 25 Focus ite] Velocity in any 
of the Parabola is reciprocally in a ſubduplicate 
od of the diſtance from the Focus of the Parabola. 

; 

* DG be theParabolical Trajectory of a Body, 
whoſe Focus is S; it is plain (from Corol. 2. Prop. 
41. B. 1.) that its Velocity i in the point C is rect- 
procally as SE drawn perpendicularly from 
the Focus S on the right line CE, which 
touches the Parabola at C, or that the Velocity 
of the Body in C is to its Velocity in c as Se to 
SE: But (from Coro. 1. of the foregoing Prop.) 
Se is to SE in a ſubduplicate ratio of the right 
line Sc to the right line SC; and therefore the 
velocity of the Body in C is to its velocity in c 
in a ſubduplicate ratio of the right line Sc to 
| S114 " - 


" _ 
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the right line SC; that is, the velocity of the 
Body is inverſly in a ſubduplicate ratio of its 
diſtance from the Focus. &. E. D. 


ProPOSITION XVI. 


HE fame things being ſuppos d 8s before, the 
velocity of a Body in any point of 4 Para- 
Bola is to the velocity of a Body revoluing in a Circle, 
about the ſame. center of Forces deſcrib d at the ſame 
diſt ance, as the Diameter of a Square to its Sid. 
For (by Cor. 1. Prop. 41.B.1.) the velocity of a 
Body moving in a Parabola at the leaſt diſtance 
from the Focus (that is, in the Vertex of the 
Parabola) is to the velocity of a Body moving 
in a Circle at the ſame diſtance about the fame 
center of Forces, in a ſubduplicate ratio of the 
principal Latus rectum of the Parabola to twice 
the diſtance of the Vertex from the Focus : But 
the principal Latus rectum of the Parabola is e- 
qual to four times the diſtance between the Fo- 
cus of the Parabola and its Vertex, and therefore 
the velocity of a Body moving in a Parabola af- 
ter the manner mention d, whilſt it is in its Ver- 
tex, is to the velocity of a Body moving in a 
Circle about the ſame center of Forces at the 
ſame diſtance, in a ſubduplicate ratio of Four 
to Two, or of Two to One; that is, in the ſame 
ratio which the Diameter of a Square has to its 
Side. Again, (by the foregoing Prop.) the ve- 
locity of a Body in any other Point taken at 
pleaſure, is to its velocity in the Vertex in a ſub- 
duplicate ratio of the diſtance of the Vertex 
from the Focus to the diſtance of the ſaid Point 
taken at picaſure from it: And (by Prop.27.B.1.) 
if Bodies, which are urg'd by Forces reciprocal- 
ly proportional to the ſquare of the diftance 
from the Center, deſcribe about a given Center 


Circles, 
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Circle, at the ſame diſtances as the forementi- 
ond Points of the Parabola, the velocity of a 
Body revolving in a Circle paſſing thro the 
ſaid Point, will be to the velocity of a Body in 
a Circle paſſing thro' the Vertex of the Parabola 
in a ſubduplicate Ratio of the diſtance of the 
Vertex from the Focus, to the diſtance of this 
other taken Point from it; that is, in che ſame 
Ratio that the velocities of a Body carried in a 
Parabola at the ſame Diſtances, have been 
ſhewn to be to each other. And therefore by 
Tranſpoſition the velocity of a Body moving in 
a Parabola at a Point taken at pleaſure is to the 
velocity of a Body moving in a Circle at the 
ſame diſtance, as the velocity of a Body moving 
in a Parabola at the Vertex, to the velocity of 
it moving in a Circle at the diſtance of the ſaid 
Vertex; thay is, as was before ſhewn, in a 
Ratio of the Diameter of the Square to its ſide. 


2. E. b. 


ProPosITION XVII. 


He velocity of any Comet & to the velocity of 
| any Primary Planet in a ſubduplicate Ratio of 
twice the diſtance of a Planet from the Sun to the 
diftange of a Comet from it. 

It b plain from the Firſt Book, that tho' the 
Way of a Comet about the Sun be Elliptical, yet 
by reaſon of the great Excentricity of ſuch an 

llipſis, it may be look d upon as a Parabola in 
whoſe Focus the Sun is; at leaſt in that part of 
ic which being in our Planetary Region is ſub- 
ject to Obſervation, it does not ſenſibly differ 
* a Parabola. And it is plain from the Third 
k, that the Orbits of the Primary Planets, 

y reaſon of their ſmall Excentricity, differ very 
little from Circles concentrig to the Sun, 


Whence, 
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Whence, from the foregoing Prop. it is plain, that 
the velocity of a Comet is * velocity of a 
Primary Planet revolving at the ſame diſtance as 
the Comet in a Subduplicate Ratio of Two to 
One. And the velocity of ſuch a ſuppos'd Pla- 
ner is to the velocity of any other Primary Planet 
revolving at any diſtance (by Prop. 27. B. I.) in 
a ſubduplicate Ratio of the diſtance of this ſaid 
laſt real Primary Planet's diſtance from the Sun, 
to the diſtance of the ſuppos'd one, that is, to 
the diſtance of the Comet itſelf from it: And 
therefore the Ratio of the velocity of a Comet, 
to the velocity of any Primary Planet, made up 
of the Two aforeſaid, is equal to a ſabduplicate 
Ratio of twice the diſtance of the Planet from 
the Sun to the diſtance of the Comet from it. 
2. E. P. | 


COROLLARY. 


Hence the velocity of a Comet may be com- 
par'd with the velocity of any Primary (as for 
example of the Earth) carried about the Sun, if 
the Ratio be known berween the diftance of a 
Comet from the Sun, and the mean diſtance of 
the ſaid Planet from it. 


ProPosITION XVIII. 


Et PAB be any Parabola whoſe Focus is S, and 
any Are of it ACB, whoſe Chord AC i: bifſefted 
in the Point M, thro' which the right line MV is 
drawn parallel to the Axis of the Parabola meetin 

the Parabola in V, and produc'd to G, ſo that M 
be the double of VG; let G'S be drawn cutting AB 
in Q, and be produc'd to * that SE my be the 
double of SG : If Comet deſcribes the Parabolic Are 
ACB about the Sun S (as in the 35*> Prop. B. 1) 
.the right line EC, joining the Comet when it is ay 
| TY where 
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where in the ſaid Arc { as at C) and the Point E de- 
termin d before, will cut the Chord A B in D, in ſuch 
manner that AD will be nearly to DB as the Time 
in which a Comet deſcribes the Arc A C, to the Time 
that it deſcribes the Arc C B. [Fig. 13.] 
Drau the right lines SB, SD, SC, GA and 47; 
draw alſo GD meeting with the Parabola at K. 
Becauſe MV is parallel to S X it will (by Prop. 
46. B x. El. Conic.) cut all the right lines parallel 
to AB terminated by the Parabola into two e- 
qual parts, and therefore it will divide the Pa- 
rabolical Segment comprehended under the 
Curve AY B, and the right line AB into two 
parts or half Segments AH and BCY AM. 
Thro' / draw VF parallel to 4B, (which by 
Prop. 17. B. z. El. Conic.) will touch the Parabola 
in V) meeting the right line GD at F, and let 
us ſuppoſe the right lines SF, CF to be drawn. 
Becauſe by conſtruction MY is the double of 
VG, and ES alſo the double of SG, MY will 
be to /G as ES to SG. But by reaſon of the 
Parallels TF and MD, DF is (by Prop. 2. El. 6.) 
to FG as MV to VG; and therefore E F is to 
FG as ES to SG. Therefore the right line 
SF will be parallel to the right line EC (by 
Prop. 2. El. 6.) and therefore the Triangles DSC, 
DFC (byProp.37.E1.x.) will be equal: But the Tri- 
angle D FC 1s nearly equal to the Triangle DKC, 
by reaſon of the nearneſs of the Points Fand K; 
therefore the Triangle D SC will be nearly equal 
to the Triangle DRC. Moreover, the Triangle 
MAG is (by Prop. 1. El. 6.) to the Triangle 
MAY in a ſeſquialteral Ratio, becauſe they 
have the ſame Vertex A and the Baſe GM is to 
the Baſe M7 as one and a half to one. But 
the Triangly AY M (by the 24*b Prop. of Ar- 
chimedes of the Quadrature of the Parabola) is ſub- 


f ſeſqui- 
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ſeſquitertial to the Segment 4 H/; therefore 
the Triangle AGM is eight times and a half the 
Semiſegment 4 HVM, namely, in a Ratio com- 
pounded of a ſeſquialteral and ſubſeſquitertial 
Ratio. Again, the Triangle MGD is nine times 
its ſimilar /G F, the ſide MG being three times 
greater than the homologous ſide YG; therefore 
the Triangle MGD is eight times and a half the 
Trapezium MV FD: therefore the Triangle 
AGM is to the Semiſegment 4 HYM as the 
Triangle MGD to the Trapexium MV FD; and 
again, the half Segment AHV Mis to the Tra- 
pezium VF D as the Triangle 4 G M to the 
Triangle MG D, that is (by Prop. 1. El. 6. (as the 
right line A M to the right line A B. But the 
Trapezium MV FD is nearly equal to a protion 
of the Parabolical Segment MVKD contain d 
under the right lines KD, DM, and the ſmall 
part YK of the Parabolic Curve; and therefore 
the Semiſegment AHV is nearly to the porti- 
on MV KD as the right line A M to the right 
line MD. Wherefore the half Segment AHA 
encreas'd by MVR D (that is, the Parabolical 
Area AHVKDA) is to the Semiſegment when 
the faid part is taken from it (that is, the part 
BCKDB) as AM and MD together to MB when 
MD is taken from it, or as A D to DB; and 
the Triangle ASD is alſo to the Triangle BSD 
(by Prop. I. El. 6.) as AD to D B. There- 
fore the ſpace SA HVKDS is to the ſpace 
SBC RDS as AD to DB. Now if to the firſt 


ſpace you add the Triangle DKC, and from the 
Sum take away the Triangle DSC, equal to the 
foreſaid Triangle, by what has been already 
ſhewn, you will have the ſpace SAHKCS equal 
to the ſaid firſt ſpace. Likewiſe, Þ to the laſt 
{pace be added the Triangle DSC, and from the 


ua 


Sum be taken the Triangle DK C equal to it, 
ou will have the ſpace SBCS equal to the ſaid 
Lan ſpace. Therefore the right line AD is to 
the right line DB nearly as the ſpace SAHVCS 
to the ſpace SCBS. Bur the ſpace SAHVCS 
is the Area which a Comet by a Radius drawn 
to the Sun deſcribes whilſt it goes through the 
Parabolic Arc AC, and the ſpace SBCS is the 
Area which the ſame Comet deſcribes after the 
ſame manner as it goes thro' the ArcCB; and 
theſe Areas (by Prop. I T. B. 1.) are as the Times 
in which a Comet deſcribes the Arcs AC and 
CB: therefore the right line 4 D is to DB 
nearly as the Time in which a Comet deſcribes 
the Parbolic Arc AC to the Time that it de- 
ſcribes the Arc BC. But the point C (the Co- 
mer's place) is taken at pleaſure: Therefore 
univerſally the * line E C does ſo divide the 
right line 4B at D, that 4 D is nearly to DB 
as the Time in which a Comet deſcribes the 
Arc AC, to the time in which it deſcribes the 
Arc CB. 2. E. D. | 
 SCHOLIUM. 
If the Point C coincides with the Vertex I of 
the Parabolic Arc, then 4 D will be to D B ac- 
curately asthe Time in which a Comet deſcribes 
the Arc A C, to the time in which it deſcribes the 
Arc C B. For Fig.14.] the Triangle ASD is (as 
it was before) to the Triangle BSD as AD ta 
BD, and alſo the Semi-ſegment 4 HY M when 
the Trapezium MV FD is taken from it, is to 
the Semi-ſegment BVM encreas d by the ſaid 
Trapezium MVFD as AD to BD: But the 
Trapezium MVF is made up of the two Tri- 
angles DMVand DFV; and therefore the Tri- 
angle 48 D the Semi. ſegment AHVM—, 
the Triangle D MY— the Triangle DFV is 


to 
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to the Triangle BSD the Semi- ſegment B V 
M+ the Triangle DMV + the Triangle D 
FVas AD to DB. Inſtead of the Triangle 
DF, let us make the Triangle DSC equal to it; 
and the Triangle ASD+, the Semi- ſequent 
AHV M— the Triangle DM the Trian- 

e DSC will be to the Triangle BSD+ the 

mi-ſegment BY M+ the Triangle D MV + 
the Triangle DSC as ADtoDB; that is, the 
Area ASCH A is to the Area CS BC, or (by 
rop. II. B. r.) the Time in which the Comet de- 


P 
ſcribes the Arc AC, to the Time in which it de- 
ſcribes the Arc CB, as the right line AD to the 
right line DB; and that accurately; for the 
Curvilinear ſpace has not been taken nearly e- 
qual to the Rectilinear one, as it was done in 
the Propoſition, when the Point C was different 
from the Point 7, 


COROLLARY 1 


Hence it follows, that the nearer the Point 
C be to V the Vertex of the Segment, ſo much 
more accurately is the Chord 4 B divided by 
the right line E C into the two Segments 4 D 
B D, having to one another the Ratio of the 
Times in which the Comet goes thro' the Arcs 
Ac, CR: For if it falls in with V, that is exact 
ly ſo; if not, then it is nearly ſo. But we muft 
obſerve that the Error will be leſs if C is diſtane 
from towards B, than if it ſhou'd be as far di- 
ſtant from it towards 4; becauſe the Portion 
VA of the Parabola nearer to the principal Ver- 
tex X 1s more, curve, and declines ſooner from 
theright line VF Tan 
V B remoter from X. And hence it happens, that 
if three moments of time be requir'd at whichthe 
Comet is in three Points of the Parabola (ſuch as 

Are 


gent to it, than the portion 
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are A, C and B)ſo diſpos d that the right line E 
may cut the Chord 4B in D, ſo that 4D may be 
to DB accurately as the two Times between the 
three intercepted Moments, the ſaid Times muſt 
be nearly equalto one another. For in ſuch parts 
of the parabolic Trajectory as we can obſerve, 
the Point D (where the right line joyning the 
Vertex V and the Point E cuts the Chord AB) 
is not very far diſtant from M the middle point 
of the Chord, But that interval of Time where 
the Comet mov'd floweſt muſt be ſomething 
greater than the other; for it is plain that when 
the Comet is in V, where the thing requir'd is 
exactly found, that the right line DB is greater 
than AD ; that is, the time in which the Comet 
(then moving ſloweſt by Prop. 15.) deſcribesthe 
Arc BC, is greater than the Time in which the 
ſaid Comet by a ſwifter Motion deſcribes the 
Arc AC. But it is ſafer to take Times that are 
not very unequal, that the point D may rather . 
decline towards B than A, upon account of the 
reaſon before alledg'd ; namely that the Error 
may be leſs if C is diſtant from Y towards B 
than towards 4. 
: COROLLARY2 [Fig. 15.) 

If V, the Vertex of the ent, is not far 
diſtant from X the rincipal Vertex, nor the 
Point C from, the right line S c, drawn from 
S the true Focus of Parabola, will divide 
the Chord AB in 5, nearly in a Ratio of the 
Times in which the Comet deſcribes the Arcs 


AC and CB. If SVis very great in reſpe& of 

MV, HL YEW the triple of A: For in 

that caſe the right lines $9G, SyV are to be 

look d upon as parallel; therefore (by Prop. 2. El. 

6.) M2 is to Ny as MG to GJ; that is, by 
uction, as 3 to 1, 


COROL- 
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COROLLARY 3. | 
Things remaining as before, QE will be e- 
qual to 3.2 S 31V: For by conſtruction & 
E is equal to 2 SG, therefore G E is equal to 
350, that is, G E 3 SA 3.9G: if therefore 
om each ſide be taken G, 2 E will be equal 
to3S9 +2 9G: but by reaſon of the Pa- 
rallels 9G, yY, 2GistoyVas MG to MV, 
that is as 3 to 2; wherefore 2 9G = 35: 
and is equal to MY, becauſe the Angles 
> MV and MyV are equal, by reaſon of SV 
and MF, which make equal Angles with a right 
line touching the Parabola at V, which (by Prop. 
46. B. 1. of Conics) is parallel to the Chord AB; 
therefore 3 MV = 2 9G; and therefore QE 
Sz MV. It the poſition of the right line 
AB be a little chang d, all the foregoing things 
will notwithſtanding be nearly true. 


PrzorosITiION XIX. LE MINA. 


F in the Parabola BAP; whoſe Focus is I, from 
the Chord drawn AB be cut off the Segment 
AVB, whoſe Vertex is V, and Diameter VM meet- 
ing with the Chord in its middle Point M, and from 
to AB be drawn 8 MI meeting at L 
with the right line LV parallel to A B, and the Pa- 
rallelogram VIM KX be fl up ; as the Points V and 
M come together, or as the —_ AVB is naſcent, 

abe Diagonal IK produc d, falls upon S. [Fig. 16.] 
For ( by Prop. 17. B. 1. Elem. Conic.) the right. 
line L 7 touches the Parabola at /, whence tha 
Angle SV L is equal to the Angle MV I; But 
becauſe the Paralielogram RV is rectangu- 
lar, the Angle X Vis equal to the Angle AVI; 
and therefore the Angle XIV is equal to the 
Angle SV L, therefore (by Prop. 28. El. I.) IK is 
parallel to / S, and it is always ſo; 2 | 
when. 
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when the Points I and V come together ; that 
is, when Af and V come together, the right line 
IK produc'd goes thro the Focus S. ND 


COROLLARY [Fig 17) 


Hence it follows, that if from any Point & of 
the Parabola, near the Vertex of the Segment 
ACB, be drawn the righit line C I parallel co the 
Chord A B meeting with the right line M 7 at I, 
and ST be drawn, which cuts the Chord in X, 
and the Parallel IMKYV be filld up; the 
Point / will be neatly the Vertex of the Sep> 
ment, if the diſtance of the Focus be inimenſly 
greater than either of the right lines CZ, IAA, or 
MK. For it is well known to Geomietricians, 
that the Immenſity of the right line SX, in re- 
ſpe& of the right lines CI, 1M, MR, brings the 
mattet to the fame as if we make the Segment 
AB to vaniſh ; in which caſe the Propoſition is 
plain from what has been already ſaid; 


| PxorostTION XX. 
ET AB be any Patabola whoſe Fotus is S? AVI 
any Arc of the Patabola, whoſe Chord is A B 
and vertex V and Diameter MV; ler the right live 
IV be drawn and produc d at L and R, ſo that VL 
may be the third part of MV, and SR a third pro- 
portional fo SV, SL; if a Contr, at the ſame time 
that it deſcribet the Patabolic Arc A VB abour the 
Sari S, ſhou'd go forward equably with the ſame velo- 
ity which it bas at a diſtance from the Sun equal to 
S R, it id deſcribe 2 Line equal to the Chord AB, 


18. | 
LFig. x01 right line & V meet with the Chord 


Let the 
AB at Z: now ſince the Angles FV GVZ, 
- are equal, therefore alſo their alternate Angles 
bn the two Parallels AB, G F, namely, Z MY, 

; ; 11 8 4 V, 
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Mn will be equal, and the righs lines J Z, 
V M are on... Moreover, (by 4 De: 
41. B. .) if a Comet rig ara 
P AB, at the ſame time Jy it ring the 
Arc AVB, — * go on with the velocity that 
it has in V equa Pte be by Shai 475 the Arc, 
which it Hr 7 Radius drawn to. 
the Sun, wou d be equal 2 the Parabolic Area 
AVBS A: A e x inclin'd to the Tan- 
gent Fin the lame that SZ is inclin d 
to 4 B, the ſpace -contain'd. in x h by the 
Tangens deſcrib d (as has been ſaid) and SY 
wou d be to the ee he gi right 


line A B and S Z as the Parabolic Area 4VBSA 
to the Triangle AS B; that is, as the Triangle 
45 + the Parabolical S Z to the 
Triangle 48 B; that is, as rciangle 4SB ++ 


of Fwy Parallelogram AGFB to the Triangle 
ASB; that is, as ABX+ZS + ABx3MV/ to AAS; 
that is (by applying it to AB) as 54S +3MV 
to 225, or as ZS4 +MV to ZS. But VL is 
made equal to + * MV; and it has before * 
ſhewn that Z / i is equal to AV; theref 
is 2 * MV. And therefore the 
contain d in ſength by the Tangent def a, 
and SV A © che ſpace contain d by 
 ABand 2 5, as 92 ＋1 to 9 823 that is, S . 
to SZ. And by applying the antecedents of 
this Analogy 24 SY, and the conſequents to 
S Z, the — in the Tangent deſerib d will 


be to the Chord AB, as 3 or Unity; 


that is as SL to SV. Moreover (by Prop. IF. ) the 
velocity of a Comet defcribing a a, in 
the height or diſtance from the Sun 8 V, is to 
the Yay, of i it in che e or akirude 5 R, 
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in a ſubduplicate Ratio of SR to S; that is, 
as SL to SF: And the Lengths gone thro' in 
the ſame time by moving Bodies carried equa» 
bly, are as the Velocities ; therefore the l in 
the deſcribed Tangent is to the length deſcrib'd 
in an equal Time (namely the. time in which 
the Comet goes thro the Parabolic arc AV ) 
by the Comet equalby carried, with the velo- 
City that it has in the altitude & R, as SL to 
SV. Since therefore the ſaid length deſcrib'd 
along the Tangent has the ſame Ratio, (namely 
that of SL to SF) to the Chord 4 B as it has 
to the length which the Comet wou'd go thro' 
moving with the velocity that it has at the al- 
titude 8 Rx, during .a Time equal to that in 
which the ſame Comet deſcribes the arc. 4 /B; 
theſe lengihs will be equal to one another, 
namely the Chord 4 B, and the length gone 
thro by a Comet with the ſame velocity that it 
has at the altitude-S R, and in the ſame time 
that the ſame Comet deſcribes the arc AV B. 
KERR 3 wy | 
„„ AE © 
If SV be very great in reſpe& of / L, the 
three Geometrical Proportionals V, SL and SR, 
will be alſo nearly en Proportional 
that is, LR will be equal to / L, or to the thir 
part of MV; therefore VR will be nearly e- 
qual to half MV. And therefore equably mov d 
with che velocity that it has in an altitude or 
diſtance from the Sun equal to SV MV,and 
in the ſame Time that it wou'd deſcribe the 
Parabolic arc AV B, wou d go thro a lenge} 
equal to A B, the Chord of the ſaid are. 


Trees. Pao: 
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PROPOSITION XXI. 


N the ſame Figure as before [ viz. Fig. 18. 5 
ITI. ln er | 
Height LS toward the Sun 8, and afterward ſhou'd 


be urg'd by the petal Force which it bas at L. 
neither ent A nor Aab; ſuch & Comet in balf 
W * w_ 1 4 deſcribe 7 3 Are 
s W c _ to a 
the length of the right line * * 

By the foregoing Propoſition in the Time 
that the Comet defcribes the Parabolic arc 
AVB, if it ſhow'd move equably with the velo- 
City that it has in the Parabola, at an altitude or 
from the Sun equal to 8 R, it wou'd de- 
ſcribe a length equal to the Chord 4B: But 
the velocity of a Comet in a Parobola at the 
altitude S R (by Prop. 16.) is to the velocity of 
a Body going round in a Circle at the ſame di- 
ſtance — the Sun, in the circumference of 
which Circle it is retain'd by the force of its 
Gravity, in a ſubduplicate ratio of Two to 
One; therefore the arc which a Body carried 
in a Circle whoſe Semidiameter is & R, goes 
thro' in the time that a Comet delcribes the 
Parabolic arc 4 VB, is to A B the Chord of a 
Parabolic arc, as x to „, and therefore equal 


to 2 but (by Corol. 1. Prop. 25. B. x.) any Bo- 


dy ler fall from reſt towards the Sun, the ſame 
rentripetal Force always acting (as is here ſup- 

pos d) in half the time that it goes thro the 
arc of a Circle deſcrib'd with the diftance from 
the Sun whence it had fallen as a Radius, it 
falls thro' a ſpace equal to the Square of 
half che ſaid circular arc, (that is to the 2 
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of half S D of che 

Circle or 2 S R; that is, to the Square <7; 

757 

gue Hoo which the Body let fall from 0 
the He 


eight RS thro' in its fall, in 
half the time that a et will 1 the 


Parabolic are 4 7B, is equal to 2 751 —= but (by 


Prop. 42. B. 1.) the cantriperal Feats, oe the ne- 
celerating Gravity towards the Sun at the di- 


ſtance SL is to the accelerating Gravity to- 
wards it at the diſtance 8 R as SR to SL1; 
that is, by reaſon of the Proportionals SR, SL, 
WINE to SV: and the fince a Comet 
iv'd of all motion and let fall from R, in 
the time that it wou'd deſcribe theParabolic 
arc AVB falls toward the Sun tho a ſpace equal to 


A 
758 5 it will in the ſame Time, being after the 
ſame manner let fall from L towards the Sun, go 


r as SR to SV; 


that is, a ſpace equal 0 455 | Moreover from 


the nature of a Parabola, 4 Sis the Latus recł- 
um of th Diameter VA; that is, the Rectangle 


contain d under 487 and VM is equal to the 
Square of 4 A, therefore 2 5 equal to the 


Right line TA: Therefore a Comet depriv'd 
pf all Motion and let fall from the Height LS 
| Trt 3 towards 
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towards the Sun S, if it be urg d by an accelera · 
ting Force ot arfiform Gravity equal to that by 
which it was urg d at the ſaid altitude 8 L. 

half che time that it wou'd deſctibe the Parzbo. 
lic arc AF B, will fall along a Right line equal 
og the Right line VA. 2. E. P. 


1 © „Pao 3 XXII. Lexa, 


r from rhe Point S, which: is the Fou of the Pa- 
rabola AV B, and the center of the Circle Tt a, 
ars the equa] Hitt lives SV and St and there 

0 2 the right 27 AB Tr, * Ti 


alſe, 
75 BIT 


3c} whoſe Fer ing the Tr 
2295 ES 5 757 ; ike VT D 
t all in Yr the 
right SE $1 7 EY: "IT b 
the Diameter of the ueare, whoſe fide is the Chor 
Te in a ſubd, Kato ratio the right live St ta 
the right Ine 8 Tri 19. 
ro' V draw V M parallel to the axis of the 
Parabola, meeting with the Chord at A4, and 
which (b Prop, 46. B. x. Conix,) will the Di- 
ameter of the Segment AY B, whoſe Parame- 
ter is the of the right line-87; there- 
fore AM*zz4SV/x0M. And as (by Prop.35.E1.3.) 
Nas + SNx:N,equal to a becauſe S 
SN; then A: :: IN: 2 Stx N, there- 
fore (by taking the quadrupies of the antecedencs 
and by tranfpeftio, the Analogywillbe this 48d: 
TT* :; 4 : 2 Ste N. But (by. what has been 
ſhewn in the demonſtration. of Prop; 28.) VMr= 
VD, and by ſuppogtion D, N; therefore by 
applying the third erm of the foregoing Ana- 
logy to V M and the fourth to : N, Ad: T:; 
4SV: 2.5: ; that is, (by reaſon that SV and S: are 
equal by ſuppoſition) ANN: T1 :22St: SV; that 
is, a as 2ST to $For 5 D: and by doubling the 


nſe- 
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Conſequiehts, 4 B=: c 2 D; that is, 
as DS to S:: Therefore 175 70 Are 25 
fubduplicate Ratio of Sr td & H. & E. D- 


pnorostr ion Nn Ini 


Tr. th Han, 8 be A 6n e 
EF bei EGB, in r ox 


draws, eut off $ mente wi 22 
dg mw RB 


Io og 272 f: 
Be 4 A'B 5 toEF in 4 


gk 4 S 
_ : 
18 15 e 58 ha 5; 


ment he AED. and theo G the right line G K, 
vgs of the Segment YGF, e with 
* at N and K. The Para- 
Dianteters ate equal to the qua- 
drape of SC, SS, ſhewn as before; and (by 
Lee | 2 B, x. e ene = SCC 
KA = ASN H: Whence 11 is 
to ERA a5 ASN to'4SGXGH, that is, 
(by reaſon of the ec of C and GH) as 
as S C to SE; and re AM i to EK in 
a ſubduplicate Ratio 75 S C to SG. Whence 
AB (the Qouble of 4 N) into E (the double 
of EN in a ſubduplicate Ratio of SC to S G. 


PROPOSITION XXIV. 

O deſcribe a Parahola about a groen Focus, in 
"ſuch manner that it may Paſs thro" two gives 
Points. (Fig, 23.] 
Let $ be the given Focus, and 4B, the two 
given Points thro which the Parabola muſt paſs: 
with the Centers 4 and B, and the diſtances 4 $ 
and BS draw two Circles, and (by the Con- 
ſtruction of the 118th P 2 "of the 70 Beok of 
Pauls Mathemat. Collect.) draw the the right 
Tee 4 line 
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Prop 
Kade 


roperty of the 
os thre | 


rom the Focus, is equal to Ac, which (by 
Prop. 18. EI. 3,) is a perpendicular drawn from 
do the right lige CD: (b 
Prop. 14.) the before deſerib d P 
thro, 4, and for the ſame reaſons it alſo 


thro B. 3 E, F. * | 
This Problem might have been look d upon 

as ſoly'd by the 26th Propoſition of the Thizd 
Book, as was there obſerv'd ;-but by reaſon of 
its great uſe we have put it in this TWO 
Points given in a Parabola do the fame here as 
three Points given there in an Ellipfis, becauſe 
the Ratio given in every Parabola between the 
Lotus rectum and the Latus tranſverſum is equiva- 
lent to one Point. It is not neceffary to make 
uſe of a Trigonometrical Calculation to deter- 
mine the Parabola's Vertex, Parameter, Cc. far 
they will be eaſily found by the latter part of 
the 26th Propoſition of the 34 Book. 


Pzo- 
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of -A8TRONOMY. 761 


| PROPOSITION XXV. 
"Row ſome pony 1 Comet obſerv d, 1 its 
Place 1 2 ntermediate Time giuen; and 0 
Time in which i hol be in any inter» 
— — Place. [ Fig. 22. ] 


Lee the line V1i2z be the Way of a Comet, 
and the obſery'd Places r, 2,3 1.7, in 2 


—＋ 


A 1 inci 
call'd 7. 125 4 
fl oy 


N., Ny, 
— _y that is, the arcs 12, 23, 34, 45, © 0 


bich we ſhall call 4, B, C, D, E,: 

their ſecond Differences, or 8 cs of 

the firſt Differences, name , 
then the Differences of chole ſecond Differen- 
ces, or of the Arcs VI, 2, Vz, &c. the third 
erences P, A, R, 8; and fo on, till we come 
equal to Nothing, namely the 
differences of equal Differences immediately 
Eve very one of the equal Times 
pent in going thro the Arcs 4, B, c, &. 
(namely ) muſt be ſappor'd divided into any 
number of equal parts, — more of them the 
more accurgte the thing will be) and let an 
Arc gone thro' by a Comet in any Time T be 
divided into as many parts as T 15 divided, in 
ſuch manner that the Differences of thoſe parts 
reckon d from V fimilar to the Differences of 
VI, Va, V;, V4, Oc. may be equal to nothing; 
and let „being encreas d or diminiſh'd, go 
opin in the ſame order towards the ſame * 
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and ſo one of them being in the middle, may 
be contain d as often in the Whole Arc as the 
Time which belongs to it here is contain d in 
the whole Time, which will {be eaſy for any 
onethat underſtands Aſtronomical Calculations: 
As for Example, if the third Differences of the 
given Ares VI, V2, V3, V4 On are found 
— — nothing; 713 24 to the 
viſions of A, B;C;'&c. of t —— — 
the third Differences be alſo equal ro nothing ; 
if in — r 1 the fotireii Differe 
are equal to bers che fourch Be 
rences will alſd vabiſh; and fo of the reft ; and 
the- points of Aviom of the Ares will be the 


places of a Comet analogous tothe moments of 
Time: But — 1 — 2 
reckon'd to 

For thus ic will flap ro de be Arey 12, 


23 345 or | will be — 97 che Comet 
7 hb the-fame Law that enki des the 
whole Arc 172 For from pry ons wr rk 
one of the forefaid Arcs,and 5 — 
containing as many parts as 
tains of the parts- 12. 23, 14; , d di . 
ter the ſame the Arc itſelf in the 
Points 2, 3, 4,7, 63 2 Times between 
the moments, at which a Comet comes to thoſe 
Points, are equal, as alſo thoſe in which the 
=— 12, der 45 45, c. we deſerib'd; it is 
2c with wilt come to the found 
— in in Thaes agreeable to the known Times, 
becauſe a Comet is mov duſter the fame tenour 
-when it deſcribes any of thoſe | as it was 
m_— thee it N the preme or fol- 
. res, which plain m iu every 
— — of i. tee 
ing known, that a Comet comes to known 


Points, 
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Points, and it being beſides ſupnosd that a Co- 


met goes equably thro the little intermediate 
Arcs, = may — be - aſp if theſe Arcs 
namely t of the Arcs 12, 23, 14, 45, 
. that is, if 7'be ſappord 
divided into a mimber of parts great enough; 
any intermediate Time being given between 
the moments that a' Comet was at the Points 
1 and 7, the face which the Comet is in will 
be known: And on the other hand the Time 
will be known when the Comet comes to a gi- 
ven Place between 1 and 7. 
Aſtronomers commonly make the foreſaid 
Time Ta naturul Day. But if 2 Comet cannot 
be exactly 'obſerv'd after 24 Hours are paſs d, 
they reduce the place that it is obſerved to be 
in one or two Hours before or after to the end 
of the natural Day, ſuppoſing the motion made 
in the mean time to be equable, which in ſo 
ſmall a Time can cauſe no ſenſible Error. In this 
Praiſe they divide the natural Day, or the 
Time expreſs d by 7 in the Propoſition, into 
four parts, or parts of ſix Hours, which they ſup- 
| ; unleſs the motion of the Comet 
very much accelerated or retarded, and they 
wou d proc exactly; in which caſe they 
divide thar Time, (at leaſt thoſe ſix Hours in 
which the given Time is found, for which the 
Comets Place is requir d) into Hours, and at 
laſt very ſafely ſuppoſe that the motion of a Co- 
met during one Hour is equable. | 
It often happens that in the moſt exact ob- 
ſervations of a Comet, the third Differences of 
the Plates reckon d from a fix'd beginning, 
which are denoted in the faid Fig. 24, by 


. 
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P, , R, S, are equal to nothing, or that theis 
cen Differences G, H, X, L, M, that is, the 
firſt differences of the Arcs, 4, B, C, D, E, F, are 
equal ta each other: Therefore Aſtronomers 
divide the Arc which a Comet goes thro i 
Hours, into 24 parts, ſuch that the 

belongs to the 12*> Hour ſhall 


preciſ 

22 with the arc of che 

es up the middle place) the diviſion 15 made 
in ſuch manner that the two arcs belonging to 
thoſe two Hours taken er, ſhall make a 
twelfth part of the arc deſcribed in the ſpace 
of a natural Day, and fo that the firſt differen- 
ces of thoſe parts ſhall alſo be equal to each o- 
ther, or there ſhall be no ſecond Differences ; 
and at laſt the greater parts ſhall be on the ſame 
ſide in reſpect of the leſſer, as. they are in the 
arcs A,B,C,D,E,F, and to every Hoyr give 
one of thoſe parts in the ſame order. For it 
will by that means happen, that a Comet being 
after the ſame tenour ſimilarly accelerated or 
retarded, ſhall deſcribe any arc in the ſpace of 
one Day, as it deſcrib'd the arc 15 in the ſpace 
of four Days: For there is only need of the Ob- 
ſervations of four Days near one another to 
know whether the Differences of the arcs, 1a, 
23, 34, 45, are equal to each other. And if the 
propos'd Time falls een four other Days, 
they again inyeſtigate what Differences become 
e | f 

This Method is not only made uſe of to de- 
termine the place of a Comet in its apparent 
Way for an intermediate Time, but alſo (if 
you divide the motion of the Comet into _ 
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of Longitude, and that of Latitude, Right Aſcen- 
fion and Declination, as is uſual, or any way 
elſe) that from ſome of its Places obſerv'd ac- 
cording to any of theſe Circu its Place 
may be found according to the ſame for an in- 
termediate Time- given: For here it is 
fuppos'd that the motion, conſider d 
according to any Direction, goes on after the 
ſame tenour for any one ſingle Day, as it does 
for ſeveral Days before and after it. | 

This way — Differences is ve- 
ry uſeful alſo in many ot ings, (as for Ex- 
ample, for calculating Tables to ſmaller Diviſi- 
ons) which have been treated of at large by the 
Reverend Father Gabriel Mouton of Lyons, who 
teaches the. manner of working by theſe Diffe- 
rences in his Book of Obſervations of the apparent 
Diameter of the Sun and Moon. 2 


| ProPostTION XXVI, 

No determine by Obſervation the — — F 

Comet moving in a Parabola. | Fig. 23. 

Let S denote the Sun, Tir the Orbit of the 
Earth : Chooſe three Obſervations, diſtant from 
one another almoſt equal intervals of time, yet 
ſo that the Time may be greater where the Co- 
met moves the floweſt.: Let the Points T, t and 
be Places of the Earth for the ſaid Times; that 
is, T a Place of the Eatth at the firſt Obſerva- 
tion, : is Place at the ſecond Obſervation, and 
T at the third. If ſuch Obſervations are not 
given, the Place of the Comet is (by, Prop. 25.) 

to be found for One Time in thoſe ec 


ces in reſpect of Two other Times at Which the 
Places agreeable are obſerv'd. Joyn Br, and 
from : let : N fall perpendicular to it: Let the 

tight lines TA, tC, 7 B, be three obſery'd Lon- 


gitudes 


| 
| 
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gitudes ; therefore theſe three right lines arg 
en in poſition. In that ef them C which is 
the middle, take any where the Point C = 

the mark of = Comert's Track on the Plane 
the Ecliptic: From C to the Plane of the E- 
cliptic draw perpendicularly. the Right line 
C equal to the Tangent of the known Lati- 
tude of the Comet in the ſecond Obſervation, 
C being ſuppos d the Radius: Joyn 75, CS, 
in the laſt of which towards S take C D in fuck 
manner that it may be to the known t N (which 
is the vers d Sine of the known arc Tt) as a So- 
lid, whoſe Baſe is the Square of St and Altitude 
2 Right line S C, to the Cube af the Right line 
Sy : Fhro' the Point D draw (by Prop...) the 
—_— ADR meeting with T4, 1 3 at 4 
B, ſo that 4 D may be to DB as the Time 
between the firſt and ſecond Obſervation is to 
the Time between the ſecond and third ; and 
A and B will be nearly the Mark of the Comet's 
Way on the Plane of the Ecliptic in the firſt 
and third Obſervation, if ſa be that the Point C 
rightly taken be irs Place in che ſecond Obſer- 
vation. Becauſe- by ſuppoſition C ãs che Mark 
of the Comet in the Plane of the Eclipric in the 
ſecond Obſervation; and Cy the Tangent - of 
the Latitude obſerv'd from t che Radius being 
tO; it is plain, that is the Comets place in 
the Mundane ſpace, and Sthe diſtance of a 
Comet from the Sun in the ſecand OQbſervation, 
Thro' D draw D parallal to Cu which (by 
Prop. 8. El. Lx.) is perpendicular to the Nlane of 
the Ecliptic, and is found in the Plane of the 
Triangle SC, : Let it meet 8 at & The ra- 
rio of the Right line v A to the Right line : N, is 
co ed of the Ratio of 4 to C D and the 
Ratio of C D to : N: But (by Prop. 2. El. 6.) 7 
| 19 


is 
Ft SC to the Cube 


whence + is to t N ins Ratio co 


ous GJ my oe wo gw—_ 


to CD 886 8 to 


CS, and CD is to N as 
of the Right line $5 


mpounded of 


Sy to C'S and the Ratio of S:*xSC to the Cube 
of the R 


2 line 85: And the Ratio com- 
pounded of theſe two, is the ſame with the Ra- 
tio of Sta to $y1; and therefore % is to iN as 


Ste to $41, But (by Corel. 1. Prop. 25. B 1.) N 
is nearly the Space thro' which the Earth be- 


ing let fall from reſt wou d 


by the Force of its 


gravity fall towards the Sun during the time 
that it deſcribes half the Arc Tr, if it was every 


where urg d wich the ſame acceleratin ty 
uniformly. continu d which acted upon it in the 
Placer, becauſe; N is N 

of the arc Tr applied tothe eter of the May- 


ing Gravi 


equal to the ſquare 


nus Orbis: And from B. 1. che accelerating gravity 
towards the dun in the Place : is to the accele- 
rating Gravity towards it in the Place , as 57 


theſame a 


to Sr, namely in a duplicate zeciprocal Ratio 
ofthe Diſtances: from the Sun, and the Spacts 
which are gage thro in the ſame time by the 
action of. thoſe, Forces, in deſcent towards the 
Sun, are in the ſame Ratio as theſe Forces; and 
therefore the Right line is the ſpace thro 
ich the Comet Jet fall from peſt at Y cowards 
the Sun wou fall, in half the time that the- 
Earth deſcribes che are Tr, i it 
acted upon b 


formly contmn'dasit is urg d- by in the Placs v; 


Was every way 
avity uni- 


then 7. will be nearly the ſpace whicha:Co- 
met by its fall towards the Sun would really de- 


*. 


ſcribe in half iche time that the Barth -deforibes 
the arc Ti of its Orbit; that is, in half the time 
chat a Comet. deſcribes an arc af its Traj 


between the two 


intercepted Longitudes F 4 
and 7.3, and therefore the Point 4 is in the 


Chord 
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Chord of that Arc. And therefore if as well 
the marks of «4 the arc aforeſaid of the Tra- 
jectory, intercepted between the ends of the 
obſerv'd Lengths TA and vB, as the marks of the 
point be conceiv'd in a Plane by letting fall 
9,975 yr to the Plane of the Ecliptic,name- 
y ACB and D; the point D wou'd be in the 
Chord of the arc 4 C B. But the Chord of the arc 
AC is ſuch (by Corol. 2. Prop. 1 8.) as to be divi- 
ded by SC almoſt in a ratio of the Times in which 
the Comet redue d to the Ecliptic deſcribes the 
arc AC, C B; and by conſtruction the right line 
ADB is divided in the ſame ratio, and it is the 
only Line which can be drawn with theſe con- 
ditions. Since then the Chord of the arc, which 
is the mark of part of a Comet's Trajectory 
intercepted between the ends of the 
TA, + B, muſt be terminated by the right lines 
T4, 7B, and go thro' D, and be divided at D 
in 2 ratio of the two Times betwen the three 
Obſervations; and ſince the right line 4D B 
has all theſe three Conditions, and is the only 
line which has theſe Properties; it is plain that 
the right line 4D B (drawn as before menti- 
on d) is the Chord of the ſaid arc, therefore the 
points 4 and B are neatly the mark of the Way 
of a Comet in the Plane of the Ecliptic in the 
firſt and third Obſervations, if C be its ttue 
mark in the ſecond Obſervarion. 
Bue becauſe 2 taken near e. 
and tho it had been the true Point, yet 
the 


ts A and B deduc'd from it are not ac 
curately enough defin'd ; we muſt from theſe, 
however irregularly determin'd, oortect all at 
taft. For which end, in Fig. 29. (where the 
ſame conſtuction is ſuppos d as in the foregoing, 


leaving out only ſuch things as were necelfary 
| 0 


* 


ene , =, 
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to prove the things above, but now left out to 
avoid confuſion ) at M the middle point of 
the right line 4B raiſe MI perpendicular 
to AB, which the right line C 7 will meet 
with in 7, being drawn through C parallel 
to BA; draw SI cutting AB in K, and 
fill up the Parallelogram AIV R, and take 
AM © the triple of ARK. Draw 9 $ and pro- 
duce it to E till © E be equal to 3.9 S+31K. 
The point E being determin d, let the Signs or 
Letters A, M, D ind B, be ſuppos d blotted out; 
let C E be joyn d, and in it towards E take the 
new CD in a duplicate Ratio of the right line 
SC to a right line equal to SV++IK, and 
thro' the t D lately found (by Prop. 8.) draw 
a new line 4B terminated at TA and 7B, in 
ſuch manner that 4 D may be to DB as the 
Time between the firſt and ſecond Obſervation, 
to the Time between the ſecond and third Ob- 
ſervatioh, the Point 4 and B will be more ac- 
curattly than before the Marks of the Comet in 
the Plane of the Ecliptic at the firſt and third 
Obſervarion, if the point C be ſo rightly taken 
as to be its Mark in the ſecond Obſervation. 
Let us imagine from every point of the Comet's 
erf „ to be let fall on the 
Plane of the Ecliptic, or (what is the fame) let 
us imagine that a Cylindric Surface is rais'd 
perpendicularly upon the plane of the Ecliptic, 
and goes thto the Comet 's Trajectory; by the 
points mark d on the Plane of the Ecliptic by 
the aforeſaid ndiculars will be drawn (or 
the common Section of the faid cylindric Sur- 
face with the plane of the Ecliptic will be) a 
parabolic Curve AC B, whoſe Focus is S, or a 
Curve very lietle different from a Parabola : 
The Chord of that Arc 4C B comprehended 
— U uu (as 
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(as we have before ſne un) between the right 
lines T A, 7 B, is nearly the before drawn AB 
whoſe middle Point is 34. And as in the ſaid 
arc the point C is taken not far fr g Ver- 
tex of . ment ACR, (for, for that reaſon the 
Times of theſe Obſervations are taken at almoſt 
equal invervals from one another, yet in ſuch 
manner that that Time may be ſ great- 
er where the Comet moves {lowet) and a ri 
line, is drawn parallel to B 4 meeting with a 
perpendicular drawn.from M to A B at I, and 
SI drawn cutting AB in K, and. the. Paralle- 
logram IMKV fill d up; and ſince moreo- 
ver upon account of the immenſe diſtance of f 
the Sun, the diſtance of the points A and V 
vaniſhes in compariſon of it, that is the ſaid 
Points come together; (by Coral, Prop. 19.) V is 
the Vertex of the . — ent 4 CB. VI be 
dran cutting the d at 1 (by reaſon of 
the immenſe diſtance . the point 8) 55 will 
be nearly parallel to I K, 9 K equal 
to IV, and therefore to ARK; but by co 
ction 1. 2 is the tri ple of M K, i it is 
alſo the e r 8 of the 
remaining T. A; for. which re n, by Coral. 2. 
Prop. 18.) 25 being Urawr is the me as A 
in Prop. 18. and its Corollaries,that is, in , 28 — 
duc d towards S you find the paint E, t 
which any right line being drawn cutting - 
Chord AB, and the Arc ACR;,curs. che Chord 
into Segments that have to one anoth 
ratio of the Times, in which 
are deſcrib'd by a a Comet. Mor 
ſtruction AE is equal to 15810 e Ik 
equal to. MV 0 being t Diamezers of. =_ i 
ſame rectangul pms) ) Joy 

is equal to 7 1 7 3 We aer 


Corol. 
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orol. 3. Prop: 18.) the point Z above determin d 
the ſame, from which 2 right line being 
drawn any how divides the Chord 4 B into 
Segments having the fame ratio as the Times 
which the two parts of the Arc 4 B mark 4 
by the ſame right line produce d are deſerib d 
by a Comet, which before we had falſly (tho 
not too erroneouſly) ſuppos d of the Focus S. 
Having therefore, to avoid confuſion, rubbed 
out the former C D drawn towards S, a new 
line muſt be drawn towards E, which is to the 
former as the fquare of SC to the ſquare of 
SV++51K, that is, (by reaſon of the equal lines 
IK and MF) to the Square of SV + +317; and 
SC is nearly equal to S/: Wherefore the new 
CD is to the former C D as the ſquare of '5F ti 
the ſquare of 8 L, ſuppoſing FL to be the third 
part of MV or IK, as in theconftruRion of Prop. 
20, and Prop. a2. But (by:Prop.' 4a. B. 1.) the 
accelerating Gravity towazds the Sun in the 
ace Lis to the accelerating Gravicy towards 
in the place C (or V as the ſquare of SC (of 
S to the ſquare of SL: And as the accete- 
— — 
are id Force 1 ing) the Spa- 

ces run thro by falling during the ſame Time 
towards the Sun; and therefote the new C O is 
to the former CD. as — 1 4 thro" by 
„ towards the Sun (the e tccelera- 
ting Force acting which acted at the place L,) 
822 the Time that the Comet deſcribes 
the Arc intercepted between the length TA 
and 2 B, is to the ſpace gone thro in falling 
towards the Sun, the fame acteletaring Gravi- 
ty acting which acted at C. But the Conſequents 
of this gy are equal, te the Anteee- 


dents are alſo equal ; that is, the new drawn C D 
A equal to a "oe gm thro by a heavy Body 
_V uvu3 


falling 
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falling towards the Sun half the Time that a 
Comet deſcribes the Arc ACB in the Ecliptic, 
by the action of the ſame accelerating Gravity, 
which obtain d at the diſtance $ L from the Sun 
uniformly continu d. But (by Prop. 2r. ) the 
ſpace thro which a Body falls towards the Sun, 
in half the time that a Comet deſcribes the Arc 
AVB, (for now we conſider the motion of a 
Comet as made in the Plane of the. Eclipric, 
looking at the mark of a Comet's Trajectory in 
the . Ecliptic inſtead of the Trajectory itſelf ) 
when it is urg d by the ſame acceleratiug Gra- 
vity towards the Sun which acted at L uni- 
formly continu d, is equal to V the Segment 
af the right line /S, intercepted between the 
Vertex and the Chord 4B z.therefore near- 
ly equal to the Segment C Z of CD intercept- 
ed between the Point C (near to 7) and 
the Chord AB. Whence the point D is in the 
Chord 4 B mach more accurately than before; | 
that is, the chord of an Arc,-which in the plane 
of the Ecliptic, is the mark of a_Comlet's Traje- 
Rory interceptedbetween the lengihs TA And 7B 
es nearly tho the point D :determin'd laft. 
reover (by Prop 8.) the foreſaĩid Chord drawn 
thro' D muſt have ſuch a ſituation between 7.4 
and 7 B that 4 D may be to D as the Time 
in which a Comet deſcribes an att of the Eclip- 
tio between the lengths TA arid : C, to che Time 
in which it deſcribes the. Arc intercepted be- 
eween't C and z B: But 4 is (by Prop. 8.) 
drawn in ſuch manner thro. D that 4 D is to 
Dg̃ in that fame ratio, namely las che Time be- 
tween the firſt and ſecond Obſemmtiuii is to the 
Time between the ſtcond and third j therefore 
A3 is righeiy dra un and as it ought ti be, name 
iy going thro D, and divided at B ab is faid be- 
r 's 07 1 NE-. 


2 9 3 
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fore. And therefore, if the point C is rightly 
taken for the mark of the Comet's Place at the 
ſecond Obſervation, the points A and B are 
nearly the marks of its Place at the firft and third 
Obſervations. belt 

Now what remains, is to know whether the 
point C in the middle of the Longitude be the 
mark of the Comet 1 if not, the 
error ariſing from it muſt be corrected, the o- 
ther things hitherto done remaining unalter d. 
Having rubb d out the former Parallelogram 
IMKY made on the former leſs accurate Chord 
AB, make anotheron the laſt and more accurate 
Chord AB with the ſame conſtruction as before. 
From A, M and B draw As, Mu and BS, of 
which let A be the Tangent of the known La- 
titude in the firftObſervation for the Radius 7.4, 
and B g the Tangent of the Latitude at the third 
Obſervation for the Radius 7B : Draw a g, with 
which Mg meets at . If the Trapezium 4 B g 
be erected perpendicularly to the plane of the 
Ecliptic, the right line AB remaining, the points 
4 and & (as was before ſhewn) are the places of 
a Comet in the Mundane Space, if the point C is 
its Mark in the Plane of the Ecliptic in the ſe- 
cond Obſervation, and the Plane going thro' 
the three points S, « and g, be the Plane of the 
Comet's Trajectory: Therefore the right line 
4 f is the Chord of the Arc of the Parabolical 
Trajectory gone thro by the Comet between 
the firſt and third Obſervation, and Se. Sg are re- 
ſpectively the diſtances of a Comet from the Sun 
at the firſt and third Obſervation, that is, the true 
diſtance of every point of the Comets Traje- 
ctory from the Sun, is the Hypothenuſe of the 
rectangular Triangle, one ſide of which is the 
diſtance from the Sun of the Mark of that point 
in the Plane of the Ecliptic, and the other a per- 
U uuz pendicular 
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pendicular drawn from that point on the Plane 


7 Ecli to the point which terminates 
of the Eels As ſome of thoſe 
1. 


perpendicu- 
are longer, as R 8, and ſome ſhorter, as 


, take a middle one between thoſe, as for 
co Mu; and commonly ſpeaking, the 
3 n of the Comets Tu dry 
from the Sun, "will be nearly 'the the Hypothe- 
nuſe of a rectangular Triangle, one fide of 
which is the : diſtance of the analogous: point 
deſcrib'd in the Mark of the Trajectory, and the 
other the right line 14 H itfelf. Which being 
done in M.A (or AA produc'd) take MH e- 
qual ta SY/++1X chat is, equal to 8 R, ſup- 
ring. 9 equal to LY, and draw F; this 
be nearly: equal to the diftance from 
the Sun of a — 1 of the Trajectory (whoſe 
mark is / ) encrea d by the double of the 
right line intercepted between the point and 
the Chord of the Arc of the Traj , name- 
ES 434, that is, 
right line H is equal to a right line in the 
Plane — the Comer s TrajeRory, analogous to 
SR in its earner was | of the Ecliptic ; 


that is, Hu is equal. to the right line SR in 
the Parabola of.Prop. 20. e 


the 17th Propoſition, let Fe. 2 of a Co- 
met when it moves in its Parabolical * 
ry at a diſtance from the Sun equal to the ri 
line H, be compar'd wiih — velocity or che 
Earth towards the Sun, and the line which the 
Comet moving equably with the ſaid Velocity, 
wou'd go thro in the wholerime that the Earth 
deſcribes the Arc Te r, or in the whole Time 
that a Comet goes oes thro' the Arc ACB in the 
Ecliptic, be defin d in parts of the Arc Tt de- 
{crib'd by the Earth as the * e : which 


may 
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may be eafily done in the following manner. 
By Calculation ſubtract the length of the Arc 
Tt 7 deſcrib'd by the Earth between the firſt 
and third Obſervation, ſuppoſing any round 
—_—_ for the mean * of 8 3 
the Sun; a length (as for E Z,) whic 
is to this Arc PD ſubduplicare ratio of the Di- 
ameter of the Magnus Orbis to the known right 
line Hz, and which therefore is given, is the 
length requir d; namely that which a Comet 
equably carried with the ſame velocity that it 
has when it deſcribes its Parabolic Trajectory 
at a diſtance from the Sun equal to H wou'd 
go thro' in the time that a Comet does really 
go thro' an Arc. whoſe Chord is « f: For (by 
Prop. 17.) the velocity of a Comet at the ſaid 
diſtance H is to the velocity of the Earth in 
the above-mention'd Ratio. But (by Prop. 20.) 
the ſaid h Z is equal to the Chord of an 
Arc which a Comet does really deſcribe in that 
time: Therefore if Z be found equal to the 
Chord « g, it is certain that the point C in the 
Longitude obſerv'd the ſecond time was rightly 
taken for the Comet's. place ; therefore 4, C 
and B, are the three places or Marks of the Co- 
met in the Plane of the Ecliptic. 

If Z be not found to be equal to the right line 
ag, that is, if the point C be not rightly taken in 
t C the Longitude obſerv d the ſecond time; in «8 
(or « f produc'd if occaſion require) take « o, 
B 7 equal to Z, take alſo AF, BP, equal to 
a6, B, in ſuch manner that Fand e may be 
on the ſame ſide of the right line 4a, and P 
and on the ſame ſide of the right line B g. 
Then by the ſame method, that from the aſ- 
ſum'd point C were found the points A,B,D,F,P, 
from other aſſum'd points 2 C and 3 C, find the 

; Uuu 4 new 
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new 24, 23, 2D, 2 F, 2P, and 3.4, 3B, 3D, 3 F P, as 
in the 26h Figure; where the ſame things re- 
maining, and the ſame letters being us d as be- 
fore, thoſe things are only left out of which 
we have no more occaſion to ſpeak. If Z be 
leſs than 2 f, or AF, or BP leſs than AB (as 
it happens in this 26th fg.) the point 2 C muſt 
be taken nearer to the point & (in which 74 
and and 7 B meet;) and ſo on, if at leaſt 3.4, 
3 F, be greater than 3 4 3B; But if on the 
contrary AF be greater than A B, 2 C muſt be 
taken greater than C; and ſo on if at leaſt 3 4 
3 F be leſs than 3 4, 3 B. Thro the points F, 
2 Fand 3 F draw a Circle, which cuts the right 
line 2 B between B and 3B; as for Example in 
O, if the no Ns 2C, 3C be taken in the 
manner before ſhewn. Likewiſe thro the points 
P, 2P and 3 P, draw a Circle cuting the right 
line TAin X; the points © and X will be the 
Places of a Comet reduc'd to the 'Ecliptic, or 
the Marks of the Camet at the firſt and thirdOb- 
ſervation. For it has been above demonſtra- 
ted, that the points A and B are the Marks of 
the Comet in the Plane of the Ecliptic- at the 
firſt and third Obſervation, if C be its Mark in 
the ſecond : The ſame does likewiſe obtain in 
2 d, 2 B and 2C; and alſo in 3 4, 3 B and 3C. 
It is alſo demonſtrated that C is truly the Mark 
of the Comet's Place in the ſecond Obſervation, 
if Z be equal to 4 g; that is, if either of the 
right lines 4 Fand BP be equal to 4 B; that 
is laſtly, if the points B and F coincide, and 4 
and P. And therefore, if (things remain as be- 
fore) the points B and F coincide, ſuch a point 
B will be the Mark of the Comet at the third 
Obſervation: Likewiſe when A and P coincide, 
ſuch a point A will be its Mark at the firſt Ob- 

Re EE ed Con bets 
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ſervation. And to make theſe coincide, thro” 
the three rightly found Points F, 2 Fand 3 F, a 
Circle is drawn, that is, a very ſimple line go- 
ing thro three Points, cutting the right line 
TB in O. Since then the point O be as well in 
the place of the point B, namely in the right 
line 1 B, as in the place of the point F, namely 
in a Circle; when the point B happens to be 
at O, the point F will alſo be there, that is, in 
that caſe the Points B and F will coincide ; 
and therefore the point O is. the true Mark of 
the Comet in the plane of the Ecliptic at the 


8. — O to the plane of this Figure, which repre- 
en 

pendicular O, equal to the the Tangent of the 
known Latitude in the third Obſervation for 
the Radius TO; © will be the true place of a 
Comet in its Trajectory. Likewiſe XE perpen- 
dicular to the Plane of the Ecliptic rais'd at the 
point x, equal to the Tangent of the Latitude 
at the firſt Obſervation of the Radius TX, 
will ſhew the point F the other place of the 
Comet in its proper Trajectory. With the Focus 
S thro' the points „and Z (by Prop. 24.) deſcribe 
a Parabola ; and it will be the Comet's requir'd 
Trajectory. But becauſe there are two Para- 
bolas deſcribd about the Focus S paſſing thro' 
the two Points « and E, which of theſe is the 
Trajectory of our Comet will appear from any 
obſervation of the Comet : For its Place deduc'd 
from one of thoſe Parabola's will agree to the 
obſerv'd Place, but taken from the other will 
not. Therefore we have from Obſervations 


| determin d 


1 
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determin d che Trajectory of a Comet moving 
in a Parabola. 9. E. F. 3 
For one may in TA or 7 B, chooſe Points at 
pleaſure, as was done here in tC, and work 
with the Points deduc'd from hence in the two 
remaining lines; after the ſame manner that we 
work'd with the Points in TA, 1 B. | 
In the foregoing Inveſtigation, whether A- 
rithmetical or Graphical, or compounded of 
both, there. is no regard had to the Monthly 
Parallax of the Sun ariſing from this, viz. That 
it is not the Earth's Center, but the commor 
Center of Gravity of the Earth and Moon whit 
is carried in the Orbis; for this Month- 
ly Parallax of the Sun, three times greater than 
the Diurnal, is ſenſible in the defining of the 
Orbits of ſome Comets: Therefore we muſt 
by it correct the Comet's obſerv'd Places. 
If the Elliptic Orbit of a Comet be found to 
agree better let it be thus deſcrib'd : Find the 
Mark of a Comet in the Plane of the Ecliptic in 
the ſecond Obſervation; and it will be the ſame 
in order and ſituation between the points C, 2C, 
3 C, as the point O was between B, 2 B, 3 B, or 
as X between A, 2.4, 34: from the Mark thus 
found, raiſe perpendicularly to the Plane of the 
Ecliptic a line which is the Tangent of the 
Latitude in the ſecond Obſervation for a Ra- 
dius equal to the diſtance between t and the 
ſaid Mark; the upper end of the ſaid Perpendi- 
cular, or the end of it above the Plane of the 
Ecliptic, is the Place of the Comet in its Tra- 
jectory obſerv'd the ſecond time. An Ellipſe 
with the Focus $ drawn thro' the points , f 
and the lately found Point (by Prop. 29. B. 3.) 
will be the requir'd Orbit of the Comer. 
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SCHOLIUM, 


The foregoing Method for determining the 
O or the Xis univerſal, and o 

uſe in ſeveral Phyſical tions. For the 
moſt part three Points, as here A, 2 4 and 3 4, 
found according to Art from the three aſſum d 
ones, viz. C, 4 C and 3 C, muſt be ſo poſited 
that the requir'd Point may be between their 
Extremities A and 3.4 whicis he reaſon w 
from the three Points, P alone muſt be plac'd 
on the other ſide of the correſponding pointe A:) 
For thus will the requir'd Point be more cer- 
tainh/ and nearly derermin by che interſecti- 
on of a Circle with the Tight line 424, in 
which it muſt — 1 — be, than if the re- 
quir d Point being be yond Aand 3 4 was to be 
determin'd by the interſeckion a right _ 
with the Circle beyond the points A and 3 
Sethe fog is from re a Salas of 
one Comet (or of any other morv'd according 
to any Rule) its Place and its intermediate 
Time whatever is more certainly defin'd, than 


its Place or Time before the firſt or after che laſt 
Obſervation. 


PROPOSLIION Vun. 


Jo determine the Point that is fittoft to be taken, 

the firſt, ſecond and third time for the Comet's 

Mark (or the Mark of its Place) on the Plane of rhe 
Een tic. [Fig. 27.] - x 

The Conſtruction of the foregoin Problem 

is univerſal : But in practice we muſt not take 
ints C, 2C for the Mark of the Comet in 
the ſecond Obſervation, but we muſt take thoſe 
Points nearly true, if we can by any means 
know whereabout the true ones ſhou'd be. And 


that 
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that may be done by help of the 12th Prop. by 
four obſervations of a Comet. For a right ling 
being drawn, whoſe three parts intercepted be- 
tween four right lines given in poſition, have 
the ſame ratio as three Intervals of Time be-. 
eween four obſervations, will not differ very 
much from that part of a Comet's Trajectory 
which is then cun through. Therefore its Inter- 
ſection with a right line that repreſents the Lon- 
itude in the ſecond obſervation, will very fit- 
ly be taken for the mark of a Comet in that ſe. 
cond Obſervation. 5 
If you know within a little the quantity of 
the Angle which the mark of the Orbit of a. 
Comet contains with a right line joyning the 
Earth and the Comet in the ſecond Obſervation, 
or its equal (by Prop: 17. B. 1. Conic) namely, 
At, which the Chord A B contains with the 
right line :C, which may be done by help of 
the ↄth Prop. or more accurately by the Schol. 
of Prop. 13 ; then the point C to be taken at firſt 
will be determin'd after the ſame manner: 
Draw the right line 4B terminated at each end 
by the right lines 7.4, 2B given in poſition, and 
cutting the right line -C, which is alſo given in 
poſition at J, in an Angle equal to the given 
Angle; in fuch manner that it may be to 
Va the Chord (that is, nearly to Z of T.) 
in a ſubduplicate ratio of S: to S A; and draw 
thro S, the right line S DC, whoſe 2 DC in; 
terjected between the Legs of the Angle 4 4C 
muſt be equal to the right line : N, which is an 
univerſal Problem of the Ancients concerning In- 
clinations, and: which is done by their Method, 
or by the 7th Section of the 5*h Optical Lecture, 
or in the 34 Section of the 6 Geometrical Lect. 
of Dr. Barrow, The Point C thus * 
2 that 


that very ſame which is conveniently taken the 
firſt time for the mark of the Comet in thePlane 
of the Ecliptic. Suppoſe that C is the mark of the 
the Comet in the Plane of the Ecliptic, and a 
Parabolic Arc goingrirongy A, B and C is the 
mark of an Arc of the Trajectory deſcribed 
between the firſt and third Obſervation : There- 
fore ſuppoſing that the accelerating Gravity 
towards the Sun is the ſame or equal at the 
diſtance of the Earth from the Sun, and at 
the diſtance of a Comet from it, (that is, 
in Galileus's' Suppoſition of Gravity, which is 
nearly true,) CD and : N are equal, as being the 
ſpaces in falling toward the Sun gone throat the 
me time by a Comet and by the Earth; AB the 
the Chord of the Parabola will (by Prop. 22.) be 
toy/2xT* the Chord of the Circle, whoſe Cen- 
ter agrees with the Focus of a Parabola, in a ſub- 
duplicate Ratio of the right line S: to the right 
line 8 D; But AB is drawn to zT in a ſub- 
duplicate Ratio of Sr to SS, and alſo 4B cuts 
the right line C in a due Angle, and therefore 
CD is equal to : N: therefore the right line 4B 
has nearly all the requir d Conditions to become 
the Chord of the Arc, which is the Mark of the 
Comets Trajectory, intercepted between the firſt 
Longitude 7-4 and the third 7 B; and therefore 
the point C has all the Conditions requir'd to 
be nearly the Mark of the Comet at the ſecond 
Obſervation, Therefore the point C is rightl 

taken forithe Mark of the Comet (tho it muſt ab. 


terwards be xorrected) at the ſecond Obſervation. 

The Point C therefore, which is to be taken 
the firſt time, being determin'd, the Points 
which are afterwards taken (namely, 2C and 
 3C[ Fig. 28. ]) are not to be taken without con- 
nderation or allowances; neither does the Cau- 
; tion 
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tion given in the foregoing Propoſition, name. 
ly, that the point 2 C be taken nearer the point ⸗ 
when the Line Z is leſs than A B, and ſo on the 
contrary, ſuffice; but when we have proceeded 
fo far that AB rightly drawn be equal to the 
Longitude Z agreeable to it; in C take the 
Point 2 C in ſuch manner that the diſtance - 2 Cc 
may be to the diſtance v in 4 Ratio compound- 
ed of the Ratio of Z to AB, and a ſubdupli. 
cate Ratio of SC toS2C. The cauſe why the 
firſt compounding Ratio is made uſe. of, is ma- 
nifeſt from what is ſaid before: For ſince AA 
is to be found fo as to be equal to Z agreeable 
to it, if it be greater or lefs it muſt be dimi- 
niſh'd or encreas'd till they become equal; now 
they wou d be equal by the firſt compounding 
Ratio alone, if Z was conſtant and invariable j 
but as the Longitude Z is always different as 
AB | Bag eg therefore = ſecond — 
pounding Ratio is neceſſary. Now it is plai 
(from Prop. 23.) that in Parabolas the Chords 
of the Arcs ACB, 2, 2C, 2B (in which CD 
2C,'2D tending to the Focus and inter 
between the Vertex and the Chord, are equal 
are in a ſubduplicate Ratio of the right lines 
8 ** ; and it has been _ wt bom tha 
ight lines CD, 2C; 4Dare nearly equal (namel 
5 the Spaces which a Comet falling — 
the Sun wou d deſcribe at different diſtances —— 
it in the ſame time,) and alſo that the Mark o 
the Comet in the ſecond Obſervation is near to 
the Vertex of the Are 4 CB, that is, of a part 
of the Mark of the Trajectory of a Comet de- 
ſcrib'd between the firſt and third Obſervation, 
Bur alſo the Point 20 found after that manner is. 
not ſaid to be the accurate Mark of the Comet 
in the Plane of che Ecliptic, but it is nearly 


trus 
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true, and but very little n from a Point 
y. accurate. 
After the ſame manner may be determin d 


the Point 3 C from 2 C, as.2.C was determin d 
from C if + we find three. Points, as was done 
in the foregoing Propoiicg.s z but if we work 
this way, it will hardly be needful to make 
uſe of a ſecond ws 5 : and. a right line 
joyning the, Fo > Points Fand 2 F, determin'd 
from the two afſum'd points; C and 2 C by the 
foregoing, will = 7 B in the point O (to which 
they are very near) the accurate 2 * of the 
Comet in the third Obſervation, and the 
line P 2 P will likewiſe cut 74 iu the point x 

the Mark of the ſame Comet- 2 O. 
ſeryation, as we have ſhewn before, that it: muſt 
happen when C and 2 C are near to the true 
Point. Ther efore we have determin d the Point 


which (in the operation of the foregoing P- 
is moſt conyenienaly taken for he: Mark of the : 


Comet in the plane f che Bel th 1 
Cond ad a 4 * 3 — 


In nearl . the points Cand >, 
| after the aforeſaid manner, in Graphical Ope« 
rations we muſt oftea proceed: by Tryals, whers 
® more acgcugatę or Geomegrical method is 
wanting; neither is it nardful here to make uſe 
of Curves very difficult 49 be dmun, which __ 
wou d require. 5 
| > P.norosITION. XXVII. md 
O determins the the poſition of the line of Nod; 
7 of the Trajectory of a — 4 and th na 
airaic. Comes is in 2h7 Node. LZ. 29:]J © 
Things remaining the ſame, and being deno« 
ted by the fame Letters as in the foregoing Pro- 
pokrions, the right lines-O X, „ muſt be pro- 


duc d all they meet in 8: Draw SO, SRX, 862 
All 


9 


- — ——— - - + ay 
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All the Points were before given, namely S, O 
and X, and therefore as well the ſides as the 
angles of the Triangle SOX ; and therefore the 
Angle SX , which is an Angle next on the 
the other ſide of one of them on the ſame line: 
Moreover, if thro' E you draw E o parallel to 
XO meeting with the right line O « at o, the 
Triangles of. and E X & will be equiangular ; 
and therefore from the known ſides o E (equal 
to OX) and o (the difference of the known 
right lines O and F V together with the right 
angle o E, the remaining Sides and Angle will 
be known, and alſo the angles of the Triangle 
£X : But in this Triangle, one fide X & is 
given, therefore the other Sides will alſo be 
_ namely, X and EC. Then in the 

riangle & XS you have the Sides XS, XG, 
with the Angle between them SX; therefore 
you will alſo know the Angle xS . But as was 
ſaid before, the poſition of the right line 8 X is 
given, or the Angle which it makes with TX, 
whoſe poſition is known by Obſervation, (for in 
the Triangle X TS, the Sides TS and T, * 2 
ven and alſo the Angle XT S, which is the di- 
ſtance between the known Place of the Sun 
and the Place of the Comet obſerv'd the firſt 
time, whence TXS is known) and therefore the 
poſition of the Right line 8 $9 will be known; 
or the Places of the Nodes ſeen from the Sur 
If the Right line O, X are equal, the Line of 
the Nodes is parallel to OX, and therefors 
known in poſition” 
mw 3 the 45 1 a Comet is in 7 
Node, let „E | Fig. 30.] be the Trajectory of a 
Comet delerib d by Prop. 26. 2 Points 
« and E, in whoſe Plane are found the right lines 
Ss, S &, and let the before found Line of Nodes 
SSD 


Book v. 71 783 
5 U e in & and 

and (by Prop. 14. B. 1 82 War 
between the firſt Obſeryation and the moment 
that the Comet comes to the Node ops $rnry 
the Interval of Time between che 
Obſervation as the Area t & 
but the racio of the Areas 


; 1 1 
by the Prop. of Archimedes of the Duadrature 
of the gage 83 alſo - ht at which 
a Comet is in the Node &. After the faing 
manner will be known the Time that a Comet. 
comes to the other Node V. 2. E. E 


prorostr tox XXIX. 
O determine the Inclin:tion. of the = of th 


TajeFtory 10 4 Comet to the Phage of the Bcligs 


(Fig. 31. | 

r nining 24 before, frotti the point 
O to & & the Lise t Nodes, draw the per- 
icula: O 9, and join „., In the Triangle 
2 beſides the right Angle at & you — 
4 the foregoing Prop.) the Angle OSV, an 
the ſide OS; os O Vis known. Thiets 
in the rectangular Triangle „0 & the ſides a- 
bout the right Angle, namely, Os and O V ate 
known, and therefore 54 Angle O U., will bs 
known, which (by Def. 6. EI. II.) is the Inclis 
nation + the Plane of the Trajectory, to ths 
Plane of che Ecliptic. 


PropPosttion XX. 


0 determine the principal Latus rectum of 8 
Comet's Trajectory, the Comet's Peribeliuimng 
fag Toe that @ Comet is in the Peribelium. 


1 
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deſcribe the Trajectory of a Comet by Prop. 24. 
with S for your Center, thro' either of the ſaid 
Points (as for Ex) draw a Circle meeting again 
with the Trajectory at /; draw © Y, to which 
from & draw the perpendicular S e, which pro- 
duce till it meets with the Parabola at ; will 
be the Perihe kum of the Trajectory, and there- 
fore the Quadruple of $ 2 is the principal - 
tus rectum of it. 

The firſt is plain; for ſince the Focus S is 
found in the Axis of the Parabola, a Circle de- 
{crib'd about the Center S will cut the Parabola 
(if it cuts it at all) in two points equally diſtant 
from the Axis, and therefore the right line @/ 
joining the interſections, will be perpendicular 
to the Axis, and = the Vertex of the Parabola, 
or the Perihelium of the Traj „and the 
Quadruple of ST, the Parameter of the Dia- 
meter whoſe Vertex is 7 (that is, of the Axis 
itſelf, y or the principal Latus rectum. | 
Take a Time whoſe Interval from the firſt 
Obſervation when the Comet was in E, is to the 
Interval of the Time between the firſt and 
third Obſervation as the Area E S to the Area 
3 Sj and that will be the Time that the Co- 
met is in the Perihelium. 

We leave the variety of Cauſes, namely, 
when the Time that the Comet is in the Perihe- 
lium is before the firſt Obſervation, and when it 
is after it, to the Judgment of the Aſtronomer, 
as alſo innumerable other things relating to this 
Problem, about defining a Comet's Trajectory 
and the parts of it. 2 


T 
Hence alſo will a Comet's Perigæum and the 
Time of it be determined: For fince the Time 
hb: FRA is 
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is given (namely that between the firſt and third 
Obſervation) that the given Area Es is de- 
ſcrib'd by a radius drawn from the Comet to the 
Sun, you will alſo have the Area deſcribed in 
one Day; and ſince E is given, which is the 
Place of a Comet in the firſt Obſervatiori, the 
Places of a Comet for each Day will be 2 
in its propet Trajectory, But the Place of the 
Earth in its Orbit is gn for every Day, and 
(from what has been ſaid before) the Situation 
of the Earth's Orbit and a Comet's Trajectory 
in reſpect to each othet ; hence the Place 
where the Comet is neareſt to the Earth, that 
43, the Comet Perigæum will eaſily be known; 
and alſo the Time when it happens. 

pProposiriox XXI. 
T* correct the Trajectory of a Comet which wai 

found by Prop. 26. e ORs 

Let the poſition of the Plane of a Comet's 
Trajeaoty, determin d by Prop. 26. be aſſum d, 
then chooſe three Places of the Comet nicel 
obſerv'd, different from thoſe three by Which 
the Trajectory was firſt determin d, and very 
far diftant from one another: It will be conve- 
nient for one of them to not be fir diſtant from 
the Comet's Perihelium. Let the Time between 
the firſt and third of thoſe Obſervations be cal- 
led S: Take a number C which may be to 1 as 
the Time between the firſt and ſecond Obſerva- 
tion, to the Time between the ſecond and third: 
From theſe apparent Places, by a trigonometri- 
cal Calculation, after the method us'd before 
find three Places of the Comet in the forefai 
Plane of the Trajectory, taken as very accurate; 
that is, find three Points of the before defin' 
Plane, in which the Comet has the fame Lon- 

| XxX 2 gitude 
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gitude and Latitude, as it is really found to 
ve ; and ( by Prop. 29. B. 3. or perhaps by 
Prop. 24. B. 5.) determine by Calculation what 
Conic Section goes thro' thoſe three points, 
whoſe Focus coincides with the Sun, and whoſe 
Areas terminated by right lines drawn to the 
Sun and portions of the Curve are determin'd, 
and therefore their racio will be alſo determin d: 
As for Example,-let Area between the firſt 
and ſecond Obſervation, be to its Area between 
the ſecond and third Obſervation as Gto x ; and 
that ſame will be the ratio between che Times 
in which theſe Areas wou'd be deſcrib'd by a 
Comet, from which a radius is drawn to the Sun. 
Moreover, from the known magnicude of this 
Track of the Comet, and the magnitude of all its 
parts, in re of the Track of the Earth and its 
parts may (by Prop. 41. B. 1.) be known the Ve- 
icy with which a Comet deſcribes it; therefore 
theTime that a Comet wou'd deſcribe the ewo 
above found Areas; let it be call'd T. Let Ts, 
and G=C, the poſition of the Plane of the 
Trajectory hitherto found, will be true and ac- 
curate, and want no correction; but it it ſhou'd, 
then 7—$ will be the Error in the whole Time 
berween the firſt and third Obſervation, ariſing 
fromthe leſs accurate poſition of the Plane of the 
Trajectory, and GC will alſo be the Error a- 
riſing from it in the ratio of the Time between 
the ſecond and third Obſervation ; which 
pears to be fo, becauſe in each caſe Unity is 
taken for the Conſequent of two Terms, which 
expreſs the ratio between the two Times. 

Let the Longi ude of either Node of the 
Trajectory (found by Prop. 28.) call'd K, be en- 
creas d by 20 or 30 Minutes, which Minutes 
call P, keeping the foremention d 2 
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of the Plane of the Trajectory to the Plane of 
the Ecliptic; and after the manner before made 
uſe of, find in this new Place three Points, 
which may accurately anſwer to the three fore- 
faid moſt accurate Obſervations of the Comet, 
and the Trajectory going thro' them, whoſe Fo- 
cus muſt coincide with the Sun's Center, and 
Jet its two Areas between the three Obſervations 
deſcrib'd by a right line drawn co the Sun 
whoſe ratio is expreſs d by that of g to L, and 
alſo the whole Times which the Comet will 
take up in deſcribing each of thoſe Areas, be 
expreſs'd by t. If the Time : be found to be 
equal to S and g equal to C, this aſſum'd poſiti- 
on of the Plane will be the true one; if not, 
1—8 will be the Error in the whole Time be- 
tween the firſt and third Obſervation, and g- 
the Error in the ratio of the Time between 
the firſt and ſecond Obſervation, to the Time 
between the ſecond and third, each ariſing 
from the leſs accurate poſition of the Plane 
of the Trajectory to the Plane of the Ecliptic. 
Let the found [nclination of the Plane of the 
Trajectory to the Plane of the Ecliptic call'd I, 
be (by Prop. 29.) encreas d 20 or 30 Minutes, 
which muſt be call'd 2, the Longitude of the 
Node firſt found by Prop. 28. remaining the fam .; 
and, as was done before, find in this new Plane, 
three Points anſwerable to the three foreſaid 
Obſervations of the Comet, and alſo the Tra- 
jectory going thro them, whoſe Focus is the 
ſame as the Sun's Center, and its two Areas be- 
tween the three Places obſerv'd, deſcrib'd by a 
right line drawn to the Sun, whoſe ratio is the 
fame as that of » to I: Find alſo the whole 
Time 7 , which the Comet wou'd take up in 


XxX 3 de 
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deſcribing each Area at the ſame Time, by a 
right line drawn to the Sun. If + be ound ca 
be equal to S, and y alſo equal ro C, this aſ- 
ſum'd poſicion of the Plane of tae Trajectory 
will be the true one, and as i: ſhou'd be; if 
not, T—S will be the Error in the whole Time, 
between the firſt and third Obſervatiun, and 

-C likewiſe the Error in the ratio of the Time 

tween the firſt and ſecond Obſervation, to 
the Time between the ſecond and third Obſer- 

ation. 

x Let the Operation therefore be perform'd by 
the Rule of Falſe Poſition, the Scheme of whoſe 
Operation is here annex'd, where K is one po- 
ſition of the Longitude of the Node, and 
7—$ the Error ariſing from thence in the 
whole Time between the firſt and third Obſerva- 
tion; K the other poſition of the Longitude 
of the Node, and .— 5 the Error of the ſaid 
whole Time ariſing from thence. According to 
the ſaid Rule, as the difference of Errors to the 
difference of Poſitions, ſo let either of the Er- 
rors be to a fourth Quantity ; and this will be 
the correction of the Poſition, from which 
flow'd the aſſum'd Erro. | 


8 DADS 
Ti: Ts: :P:EAIXT 2: 6— C: P 


After that manner the Error of the fired 
Longitude of the Node, that is, of X irſelf in 


the whole Time between the firſt and third ob- 
ſervation, is _ XP; and the Error P of the 
| kan 


666 a — 
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ſame Longitude X in the ratio hetween the 
two Times between the three Obſervations is 


5 xP; therefore the true and corrected 


Longitude of the Node is K + TS * P, or 
—5 0K 
K+ —_ XP. | 


8 

Likewiſe the Error of the poſited Inclination 
of the Plane of the Trajectory to the Plane of 
the Ecliptic, wiz. 7, from the firſt Head is 


TS x 2; and from the ſecond iris . 2; 
and therefore the true and corrected Inclinati- 
on of the Plane of the Trajectory to the 


Plane of the Ecliptic is 1 4 — or 


I+ — x 2. And the corrected Longitude of 


| he? 

the Node, and Inclination of the Plane of the 
Trajectory to the Plane of the Eclipric, will be- 
come the ſame, if in the operation we make 
uſe of the Errors ariſing from the ſecond Poſi. ion. 


þ rc * 
And becauſe both the Errors come under con- 
ſideration, as well that in the whole Time, as 


that in the ratio between the two Times be- 
tween the three Obſervations, let us ſuppoſe as 


De \P, to be ſeparately 
Go _. 


XXX 4 equal 


= m; Likewiſe let us ſuppoſe as well : 


———*& 
G—y - i a f 


T 


3 
pry 2 6, ans 


ED =», Whence Tt will = T—8, 


and G. mg will G; and alſo » '— 
”7 = T—S, and »G—n y = G—C: Whence 
the double of 7—$S = » 7—mt +nT—nr, 
and the double of G—C = »G — mg + »G 
i; and therefore going back, if „ and » 
be taken in ſuch manner that the double of 
7-—S may be „t IT-, and 
the double of CG - + »G—ny 
| T= . 
ow a well T—t 275 = G—g wr 08 by 


=mxP, and likewiſe as well = * © 2$ 
will be = 1 * therefore the Er- 


ror of the Longitude of the Node will be 
m XP, and the Error of the Inclination of the 
Plane of the Trajectory will be » x 2 : Whence 
the corrected Longitude: of the Node will be 
K + m1P, and the corrected Inclination of the 
Plane of the Trajectory to the Plane of the E- 
JJV 

The Plane of the Trajectory being corrected 
as well in reſpect to its Interſection with the 
Plane of the Ecliptic (that is, the Longitude of 
either Node) as its Inclindtion with the Plane 
of the Ecliptic ; find (as before) in the rome 
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thus corrected and now moſt accurately poſited, 
three Points, which may agree with the three 
aforeſaid moſt accurate Obſervations, and (as 
before) taking the Sun's Center for your Focus, 
thro'the three ſaid Points draw a Conic Section: 


And this being corrected will be the Comet's 
requir d Trajectory. 


SCHOLIUM. 
Having found the corre& and accurate Tra- 


jectory, its Axis, Latus rectum agreeable to the 


Axis, the Time in which the Comet is in the 
Perihelium, the other things belonging to it 
will alſo be accurately defin'd, according to the 
Rules foregoing. If it happens that an Ellipſis 
deſerib'd about the Sun's Center as its Focus 
(and not a Parabola) goes thro' thoſe three 
Points : that is, if that part of the Comet's 
Trajectory, which comes under our Obſervati- 
on, does evidently ſhew that the Comet returns 
in an Orbit, and does not run out in infinitum, 
then from knowing the greater Axis of this Or- 
bit, you will know the Comer'sPeriodical Time, 
for (by Prop. 40 and 42. B. 1.) the Square of the 
Periodical Time of a Comet is to the Square 
of the Periodical Time of the Eacth about the 
Sun, as the Cube of the greater Axis of the Or- 
bit of the Comet to the Cube of the greater 
Axis of the Orbit which the Earth deſcribes a- 
bout the Sun, or to the double of the mean di- 
ſtance of the Earth from the Sun. 
If from the known principal Latus rectum, as 
for Example of the three Trajectories deſcrib'd 
in the three aſſum'd Planes before the full cor- 


rection, wiz, R the firſt, 4 the ſecond, and p the 
third, you wou'd find the principal Latus rectum 
of this laſt Trajectory deſcrib'd in the Plane ac- 
1.7 the FE 4-0 EO 3 : curately 
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curately poſited ; it may be found by the Rule of - 
Falſe according to the Method of the things a- 
bove ; and it will be equal to R + mr —mR 
+8 R. For in the true and accurate Lon- 
gitude of either of the Nodes you add to its 
Longitude in the firſt Plane (determin d by 
Prop. 28.) the exceſs of the aſſum' d Longitude 
in the ſecond Plane above the other Longitude 
multiplied into 5; and in the accurate Inclina- 
tion of the Plane of the Trajectory you add to 
the Inclination of the firſt Plane deter min'd 
by Prop. 29.) the exceſs of the aſſum'd Inc ina- 
tion in the third Plane above the foregoing In- 
elination multiplied into a. And ſinc the Tra- 
jectory and its Latus rect um are chang d, as well 
upon account of the chang'd Longitude of the 
Node, as of the chang'd Inclination of the 
Plane to the Plane of the Ecliptic; to the L 
reFum of the Trajectory in the firſt Plane, or to 
R muſt be added r- R, that is, the exceſs 
of the Latus rectum in the ſecond Plane above the 
Latus rectum in the firſt Plane multiplied into ; 
and alſo you muſt ſuperadd „ p—»R, namely, 
the —— of the Latus rectum in the third Plane 
above the Latus rectum in the firſt drawn into . 
And after that manner you will have the true 
Latus rectum, Viz. R + mr —mR + np — R. 
Much after the fame manner will be corrected 
— Latus tranſverſum, if it be deſin d in magni- 
dude. 


SecTh 
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SECTION IV. 


Of the Way of finding a Comet's Heliocen- 
tric or Geocentric Place in its Tra jectory 

| before determin'd for a given Time ; and 
of the Tables neceſſary for readily de- 
fining the Comet's Motions © 


N 7 


PRaPogITION XXXII. LEMMA. 


Rom the Focus S of the given Parabola V P, 
whoſe Vertex is V and Axis VE, to draw the 
Right line S A in ſuch manner that the Parabolic A- 
nes VR AS comprebended under the right lines VS, 
SA and the Parabolic Curve VR A may be equal to 
4 given rectilinea] Figure, as for Ex mple, to the 
Square of the right lin. B; and to define mr 
tion the length and Inclination to the Axis VE of the 
right line SA fo draws. [Fig. 33.] 3 
Suppoſe it done, and thro / draw the right 
line F perpendicular to VE, and le: the point 
C bein it, thro' which CA being drawn parallel 
to VE mcets with the Parabola in the Point 4, 
ſuch as S A being drawn may give a Solution to 
the Problem. Thro' A draw AD perpendicular 
to VE, meeting with the Axis at D. Let S 
the diſtance of the Focus from the Vertex be 
call'd 7; and (as is commonly known) the prin- 
Cipal Latus rectum of the Parabola will be 4 f. 
Let the unknown FC be call'd x; and AD will 
be alſo = x, therefore (from El. Conic.) VD or 


its equal C A will be 47 Whence the rectangu- 
jr parallelogram VC AD is equal to C f and the 
Parabolic 
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Parabolic Space RAD (which, from Archi- 
medes's Dimenſion of the Parabola is W 


ral to the foregoing) will be 7 namely, 3 
ef © W 7 s 


= 


s b will be = £* is be derweeri v 


and D, as in the ufe Fig 33; or if D be be- 
tween / and S, * 2d Fig. 33, SD 


will be r I that is, in the firſt — 


SD 2 * in the ſecond SD = ⸗ — 
4f 3 


Whence the Rectangle under AD and DS will 


347 — 
= — „ — and therefore 


1 
half of it, namely, the Triangle 4 SD will be 
3— 4752 8 
— 27 = or 4f — 7 2 And therefore the ſpace 
 FRAS (for it is in the firſt caſe equal to RAD 
che Triangle 4 S O being taken from it, in the 


equal to RA P, encreasd by ABD) 


a * 3 ——4 fix 
v 57 in the firſt caſe, and 


I; + 4f 55 in the ſecond; and therefore 
In eyery caſe VR AS is equal to de +. bly 


And this muſt be equal to 5, therefore 2475 
x + 12f*x. . having plac d the Æqua- 
tion as is uſual, & =—12f*x + 24f6b*. 
- Therefore, by the Cardass Rule the Value of 
x or A D, expreſs'd i in known Quantities, will 


Bock V. of A570 0x7: 797 


— 


be JC: 1276 + 4/144 f* 64+ 647 —= 


C: 12 fo*—y/ 144f*6+ + 64 f*. But when AD 
4s Me V will alſo be My for it is 
equa! to the Square of AD apply d to the qua- 
druple of the known VS. Therefore (by wy” 
Datum) you have the compound of DV and VS, 
to which the Right line SA is equal, by Corol. 2. 
Prop 14, and therefore this SA will be alſo gi- 
ven in magnitude; but DA is alſo given, there- 
fore (by Dat. 1.) the Ratio between SA and 
AD, that is, between the Radius and the Right 
Sine of the Angle ASD, which SA contain 
wich the Axis. Therefore that Angle 4SD or 
VSA is known: And SA was before known 
in length. 2. E. F. | | 
| Converlſly alſo in the given Parabola you will 
find the area V RAS, which will make the ri 
line S 4 equal to the given right line; that is, 
you will find the Ratio of the given area VRAS 
to the Square of the right line VS, which will 


make SA to be in a given Ratio to the right 


SCHOLIUM. 1 {(Fig.34,) 

We have before ſhew'd the method of the 
Calculation made uſe of in Aſtronomy, for de- 
termining the magnitude and poſition of the 
right line 4 S. But if you like a Geometrical 
Conſtruction better, it may thus be eaſily had, 
if according to the univerſal method of Geo- 
metricians the before found Cubic Equation 
x3 +12f* x24 fo be conſtructed by the 
propos d Parabola RVP and a Circle. Let the 
Latus rettum of the Parabola propos d, ( which 
is equal to 4f ) be calld L; 12 f*==q, and 
24 fb*==r, that the propos d Equation may be 


in this uſual form x3 e o. Take ( ac- 
cording 


8 The EiNENTs Book V. 
cording to the commonly known precepts of 
this conſtruction) YG==4L in the Axis of the 


Parabola, and GH 17 (and that backward to- 
wards the Vertex, becauſe it is 4 4) that is, in 


. I2 
our Equation GH= - or 2 f, whence it hap- 
pens that the Poitit H will come to be in the 
the middle Point between and S: For becauſe 
VG==Z LVG will be the double of /S, and taking 
from hence GH, HS. Moreover, ſup- 


ä r 
poſe HK perpendicular to VS r; that is, 


in our caſe Ht; that is, equal ts 


3m, if n 27 ; (or to the right line found by this 
Prop.) if (by Prop. 45. EI. r.) the propos d rectili- 
neal Figure be apply d to the Latus rectum of the 
Parabola) and towards thoſe parts of the right 
line /S, towards which AS is to be drawn. And 
a Citcle deſcrib'd with the Center K thro' V, 
will cut the Parabola RV in the requir d poi 
As, and 4D, which is perpendicular to /S, will 
be x, or the Root of the foregoing Equation, 
This conſtruction bas no ned of a demonſtrati- 
on, becauſe of the common conſtruction of the 
Equation x3 +12f*.—24fb* =o ariſing from 
the nature of the Problem: But it is eaſie to 
conſtruct it running over the ſteps of the fore- 
going Analyſis. 3 
After the ſame manner may be defin'd the 
magnitude and poſition of the right line 48 
drawn from the Focus 5, ſuch as the Parabo- 
lie ſpace RAS A, comprehended * 
n | | c 
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that Line and another $ © given in poſition 
different from S V, and that part of the Parabo- 
lic Curve between them RA, may be equal 
to the given rectilineal Figure 54. For the 
Axis S being drawn, you muſt draw the right 
line S 4 in ſuch manner that the Space YR AS 
may be (qual to the ſum or difference of tha 
Spaces BA and V5, as S & lies toward the 


ſame parts of SY towards which S 4 muſt be 
drawn, or towards contrary parts. 


SCHOLIUM 2. [LA. 35.) 
Suppoſing P and vr any two Parabolas, 
wheſe Foci are 8 and „ and Vertices Vand v, 
and ſuppoſing the Areas VAS, vas equal to the 
reſpective Squares of B and g; if B be to Y S 
as 6 to ve, then AS, 4 , VS, vs will be pro- 
ional, and the Angles VS A, ves equal. 

or, becauſe all Parabolas are fimilar Figures, 
and the Foci and Vertices are Points ſimilarly 
poſited in them ; and beſides, as the Figures 
VAS, vas are in a duplicate Ratio of the ho- 
mologous fides YS, vg (for their equals BY 
and are in a duplicate Ratio of B to g, that 
is, by ſuppoſition, in a duplicate Ratio of /s 
to-ve;) it is alſo plain that theſe. Lines are 
ſimiar to one another, and therefore the 
Angles VSA, ve « equal, and that AS is to 
eo as VS to . And therefore from hence, 
when you have laid down SY the diftance of 
the Vertex of che Parabola from its Focus, ex- 
preſs d in any round number, you will find the 
Angle /S 4 and the | ngth of the right line 
„ according to the different ratio between 
the r<Rilirea: Figure 4 to which VS A is ſup- 
vos d £qua., and the Square of JS. And the 
[£11grius of the right lines 4 S and of the Angies 
NT VS A 


4 
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VS A diſpos d in Tables, ſerve for any Parabola, 
fince (as was before ſhewn) the right line 4 
will in every Parabola door have the ſame ratig 
and poſition to VS, the ſame ratio remaining 
between B and Ss. 


PRO POSITION XXXIII. 
O find 4 propos'd Comet . Heliocentric Place in 
Longitude and Latitude, and its Diſt ance from 
the Sun for a given Time. | Fig. 36.] 1 
Let & de a Comet's Trajectory, deſcrib'd 
by Prop. 26. and corrected by Prop. 31. in whoſe 
Focus S let the Sun be plac'd ; and let „ be 4 
Point in it in which the Comet is at any ons 
of the Obſervations by which the Trajectory 
was determin'd. Let TX be the Axis of this 
Trajectory, whoſe poſition is known by Prop. 392 
Thro' the ſame Prop. will alſo be known the 
Time that the Comet is in che Perihelium /; 
and let & V be the line of Nodes known in po- 
ſition by Prop. 28. If VR the corrected Tra- 
jectory of the Comet, be found to be Parabo- 
lical, take ſuch a Space as may he to the Space 
V (known from Archimedes's Quadrazure of the 
Par«bola) as the Interval between the given 
Time and the before found Moment that the 
Comet is in the Perihelium, to the interval 
between the ſaid moment and the obſervation 
of the Comet in ; A 2 Space B*,. By 
the foregoing Prop. the Parabolic Space 
VR AS be ſuppos d equal to B*, and find as 
well the poſition as the length of che right ling 
SA in reſpe& of SV, whoſe poſition in length 
in reſpect of the Diſtance of the Earth's Aphe- 
lium from the Sun, is known from what has 
been ſaid before. But if a Comet's Trajectory be 
found to bs Elliprical, draw (by the 3%, 6% or 


as * 
N 


a» 
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or th Prop. of B. 3. as was done in the Planet's 


Orbits) the right line S A in ſuch manner that 
the Area V RAS may be to the whole Area of the 


Comet's Orbit, as the Interval between the gi- 


ven Time and the monment that the Comet is 
in the Perihelium, to the whole Periodical Time 
of the Comet, known from knowing its greater 
Axis; and you will have the right line $ 4 as 
well in poſition as length. In either caſe, from 4 
to the line of Nodes & , draw the the per- 
pendicular 4 N meeting with & N at N; from 
the ſame A to the plane of the Ecliptic let fall 
à perpendicular meeting with it at @; join « N; 
428; ind the Angle A Ne will be the Inclina- 
tion of the plane of the Trajectory to the plane 
of the Ecliptic, and thetefore known by Prop. 
29. Becauſe the Angles VS A and VSN are 
kuown, the Angle NS A, which is their ſunt 
or difference, will alſo be known: Therefore 
in the Triangle SN A rectangular at N, ha- 
ving (by the foregoing) the ſide $ 4 expreſs d 
in parts of the Mean Diſtance of the Earth from 
the Sun and the Angle NS A, you will have the 
fides SN and NA. In the Triangle N « A rectan- 
gular at «, knowing the ſide NA and the angle 
A N (which is the Inclination of the Comet's 
Trajectory to the Plane of the Ecliptic found 
by Prop. 29. and corrected by Prop. 31.) you 
will know the other two ſides NA atid Aa. A- 
in, in the Triangle S Ne (in the Plane of the 
cliptic,) beſides the Right Angle at N, you 
have the ſides & N and N; therefore you will 
have the ſide S a and the angle NS a; But (by Prop, 
29.) th poſition of the right line SN is given; 
therefore alſo the poſition of the right line 8 


will be given; that is, the Heliocentric place of 
a Comet reduc'd to the Ecliptic, or the Comet's 
SY. ---- _— 
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Heliocentrical Longitude. Laſtly, in the Tri- 
angle S 4 rectangular at « you have all the 
ſides, as being found before; therefore you will 
alſo know A $S « the Comet's Heliocentric Lati- 
tude, if there is any reaſon of reducing the place 
of the Phænomenon ſeen from the dun to the 
plane of the Ecliptic, rather than any other 
Plane. 

And on the other hand this ſhews you how to 
find the Time that a Comet will be in a given 
Place of its Trajectory. 


PrRoPoOSITION XXXIV. 
O find the Heliocentric Place, as to itude 
e e and tbe diſtance Fr rag pay 
of a propos d Comet for a given Time. | Fig. 37. 
þ The 1 ſame rein . laid down 5 in 0 
foregoing Prop. beſides them let BT be the Mag- 
nus Orbis, and in it let T be the place of the Earth 
for the Time given, found by Prop. 18. B. 3. draw 
TA, Ta: and (by Prop. 18. El. 11.) let the plane 
of the Triangle T A « be perpendicular to the 
plane of the Ecliptic. In the Triangle TS. (in 
the plane of the Ecliptic) you have the ſides S a, 
ST, the firſt of them found by the foregoing 
Prop. and the laſt from the Theory of the Earth 
(each expreſs d in parts of the Mean Diſtance of 
the Earth from the Sun) and the Angle T'S , 
comprehended by them, (for each of them is 
given in Poſition; ) therefore you will alſo have 
the ſide Ta and the Angle S Ta: But T Sis gi- 
ven in poſition, namely, the place of the Sun 2 
a given Time; therefore the poſition of the right 
line Ta is given, that is the place of the Comet 
in A ſeen from the Earth, reduc'd to the Ecli 
tic, or the requir'd Geocentrical Longitude of 
the Comet. Moreover, in the Triangle 4 « T 


beſides 
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beſides the right angle 4 « 7 you h#ve the two 


ſides A 4, Ta, this laſt lately found in the parts 
of the Mean Diſtance of the Earth from the Sun, 


and the firſt of them found by the foregoing 


Prop. in the ſame parts; therefore the angle 4 T « 
the requir'd Latitude of the Comet feen from the 
Earth or its Geocentrical Latitude is known ; as 
alſo the n T 4 the Comet's diſtance 
from the Earth. 2. E. F. 

Thus may be known when the motion of the 
Comet will be retrograde, in reſpect of its 
motion before, becauſe the Earth, together with 
the Eye, has mov'd in the mean time, as it hap- 
pens in reſpe& of the Planets, when at the ſame 
time the Comet ſeen from the Sun appears al- 
ways to go on the ſame way. And converſly 
that Phænomenon of the Retrogreſſion of a Co- 
met obſerv d from the Earth, ſhews that Comets 
are not very far diſtant from the Earth, but that 
when they are ſeen by us they come down into 
the Region of the Planets. Moreover, as the 
Eye and the Comet are carried about the Sun 
in different Planes, the Comet ſeen by the Eye 
and referr d to the Fix d Stars, will, from the 
Laws of Optics, appear not to deſcribe a great 
Circle among them, but to deviate differently 
from it; when at the ſame time, if it was ſeen 
from the Sun which is plac'd in the Plane of the 
Trajectory, it wou d accurately deſcribe a great 
Circle among the Fix'd Stars. This deviation 
from a great Circle (which alſo agrees wich the 
Planets, as well as the Retrogradation mention'd 
before) put it out of all doubt, that the Comets 
are in the Region of the Planets. 
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PROPOSITION XXXV. 


O deſcribe Tables neceſſary for readily and exattly 
finding the Places of Comets. 

The Trajectory of any Comet being defin'd, 
if it be found to be Elliptical, (ſuch as we fup- 
poſe it will be found, as being the only one of 
the Conic Sections which agrees with the Phæ- 
nomena of Comets, if they are Bodies coeval 
with the World, revolving in an Orbit like the 
Planets) Tables, for readily finding any Comet's 
place for a Time given, will be of the ſame kind 
(and conſtructed after the fame manner) as the 
Tables for the Primary Planets, and their uſe the 

ſame, concerning which we have ſpoken in the. 
39th and 40th Propoſitions of the 34 Book. 

If the Orbits of all thoſe Comets, of which 
we have Obſervations accurate enough, are 
pretty nearly determin'd, their Periods are alſo 
known (as is ſhewn in the Scholium of Prop. 31.) 
and the Times that they will again be ſeen, and 
they may be corrected from Obſervations which 
will be made then; and at length all Comets 
will be reduc'd to a Rule, perhaps in a ſhorter 
time than has been done concerning the Planets, 
after their number, and their revolving in Orbits 
were known. I hear that it is done in 24 Co- 
mets, (whoſe Places have been obſervd by A- 
ſtronomers) already by Dr. Halley; and I have 
reaſon to believe, that the number of the Co- 
mets is not vaſtly great: But ir is likely that the 
Periods of ſome of them are ſo great, from the 
immenſe Interval between Saturn and the near- 
eſt Fix d Stars, that they are not yet deſcended 
into the Regions of the Planets (where only they 
are viſible to us) ſince Aſtronomers have begun 
20 look upon them, as geleſtial Bodies, and more 
aCClh- 
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accurately to determine their places; therefore 
the determination of the Orbits in which thoſe 
Comets move muſt be left to Poſterity. But 


ſometimes it will happen that ſome Comet will 
finiſh a whole Period, and yet not be obſerv'd 


to do ſo by Aſtronomers, upon account of its 
nearneſs to the Sun; which, for the ſame reaſon, 
does alſo ſometimes happen to Mercury itſelf. 
Beſides, the greater Axes of the Comet's Or- 
bits, upon account of the diſturbance ariſing 


from the attraction either of other Comets or of 


Jupiter and Saturn, may a little change their 


ſituation, and ſo the ſame Comet may be mi- 


ſtaken for a different Comet: But after ſeveral 


Revolutions the thing will be plain enough; 


for ſuch a difturbance will not produce very 
great effects, and tho' the Orbit of the Moon is 
every Day chang d, yet it is reduc'd to an A- 
ſtronomical Calculation, and conſider d as if it 
was always the ſame. 

But thoꝰ the Orbits of the Comets are not yet 
determin d, ſome Tables may be conſtructed 
very uſeful for the more eaſy defining of their 
Motions, and a more ready way of deſcribing 
their Trajectories: as for Example, a Table by 
which, from the given diftance from the Sun of 
a Comet in its Perihelion expreſs'd in parts of 
the Mean Diſtance of the Earth from the Stn, 
may be readily defin'd the Time that a Comet, 


after its Perihelion, as it recedes from the Sun, 
will get ont of our ſight. For ſuppoſing the 


greater Semiaxis of the Orbit of the Earth to 
conſiſt of x00000000 . an Arc of 59 + 
(which the Earth goes thro' by its mean diurnal 
Motion) will (by the dimenſion of a Circle) 
contain 1720 212 of thoſe parts, and the twenty 
fourth part of it, or an Arc deſcrib'd by the 
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Earth by its mean horary Motion will have 
71675 of thoſe partz: Therefore to the diffe- 
rent diſtances of a Comet from the Sun, when 
in its Perihelium, muſt reſpectively be afciib'd 
Parts, gone thro' by a Comet in its Feri:iclium 
in the ſpace of a Day or an Hour; for theſe 
parts will be to the former parts as the velocity 
of a Comet in its Perihelium to the mean velo- 
city of the Earth, that is (by Prop. 17.) in a ſub- 
duplicate Ratio of 200000000 the greater Axis 
of the Orbit of the Earth, to the diſtance of a 
Comet in its Perihelion from the Sun; or parts 
muſt be aſcrib'd, exprefling the Arca which a 
Comet by a Radius drawn to the Sun ſweeps 
thro” (as being made from multiplying the for- 
mer in half the diſtance of the Perihelion from 
the Sun.) Moreover, ſince by obſervation we 
pretty nearly know at what diſtance from the 
Sun (in reſpect of the diſtance of the Earth from 
it) a Comet muſt be plac'd, to ceaſe to be ſeen 
with the naked Eye; that is, when the Ratio of 
that diſtance, to the diſtance of a Comet from 
the Sun in its Perihelion is given, you will alſo 
(by the inverſe of Prop. 33.) have the Area which 
a Comet with a Radius drawn to the Sun muſt 
deſcribe after it has paſs'd the Perihelion, that 
jt may come to that diſtance from the Sun, that 
is, that it may ceaſe to be ſeen; and conſe- 
quently the Time after the Perihelium ; as for 
Example, * Prop. 11. B. x.) for one Day as the 
lately found Area, to the before found Area de- 


{cribd in one Day by a Comet, by a Radius 
drawn to the Sun. Therefore to every diſtance 
of the Perihelium aſcribe an agreeable Time, 
in which the Comet after it has paſs'd the Peri- 
2 as it goes from the Sun, gets out of our 
—_ Re To 9 rv WW EW . 5 


* 
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Juſt in the ſame manner, and from the ſame 
Principles, may be calculated a Table readily 
ſhewing the Time that a Comet, after it has 
paſs'd the Perihelium, comes to a diſtance from 
the Sun, equal to the diſtance of the Earth from - 
the Sun, if the Perihelium of the Comet is leſs 
diſtant from the Sun than the Earth itſelf. And 
this Table will be join'd to the firſt Table, and 
will, as it were, make but one Table ; namely, 
by writing over againſt every Diſtance of the 
Perihclium of a Comet, expreſs'd in parts of the 
Semidiameter of the Magnus Orbis (beſides the 
parts gone thro' by a Comet in its Perihelium, 
in the ſpace of a Day, and the parts of the Area 
which a Radius ſweeps thro' in the ſame Time, 
of which we ſpoke above,) in one Colamn, the 
the Time after the Perihelium in which it comes 
to a diſtance from the Sun, equal to the Earth's 
diſtance from it; in the other, the Time that 
it comes to a diſtance four times or five times 
greater than the former, namely, that in which 
it ceaſeth to be ſeen by us. 

Thirdly, The Table calculated by the ſecond 
Scholium of Prop. 32. will be very convenient, 
in which putting around number for the diſtance 
of a Comet in the Perihelium from the Sun, 
over againſt the different bigneſs of the Area 
V AS (in the Fig. to which the ſaid Scholium 
refers) expreſs'd in parts of the ſquare of the 
right line S V, ſet down the quantity of the An- 
gle SVA agreeable to it, and the length of the 
right line SA expreſs d in parts of the right line 
V alſo agreeable to it. For from that and the 
foregoing Table, and the known diſtance of a 
Comet in it Perihelium, from the Sun, you may 
readily know the Longitude of a Comet from 
the Perihelium when ſeen from the Sun, and the 
FE | . diſtance 
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diſtance of a Comet from the Sun's center, a- 
reeable to the Time before or after the Perihe- 
— For SV being given expreſs d in parts 
of the mean diſtance of the Earth from the Sun 
(from the firſt Table) you will readily have the 
Area which 1s deſcrib'd (a Radius being drawn 
to the Sun) by the Comet in the ſpace of one 
Day or one Hour: therefore it will be given 
expreſs'd in pon of the ſquare of the right ling 
VS, and fit for this Third Table; and therefore 
from the given Time before or after the Perihe- 
lium, will be given the Area VAS proportiona- 
ble to the ſaid Time in the {aid Parts; there- 
fare from this Third Table you will immediate- 
ly have the Angle VS A, which is the Heliocen- 
trical Longitude of the Comet from the Perihe- 
lium, agreeable to the propos'd Area, and there- 
fore proportionable to the propos d Time, an 
alſo you will have in parts of & the length of 
the right line S A agreeable to this, which by 
help of the Rule of Three, may be expreſs'd in 
parts of the Semidiameters of the Magnus Orbis. 
But from what has been ſaid in former Propo- 
ſitions, other Tables alſo may be conſtructed, 
for — eaſy the calculation of the Comet's 
Motions, for every kind of Comiputation, which 
we muſt leave to the Induſtry of Aſtronomers. 


SCHOLIUM, 

By the foreſaid Method, or one like it, Dr. 
Halley has determin'd the Orbit of the Comet, 
which appear'd about the end of the Year 1680; 
and ſome of the following Months, which he 
aſſum'd as Parabolical, and found (as it appears 
from his Letters to Sir Jſaac Newton) that the 
Perihclium of its Orbit was in J 279. 22. 30“; 
and cherefore its Aphelium in x: 27. 22. 30%, 

n ; TY” EG hs bs. „ | . » that 
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that the principal Lata rectum of its Orbit was 
of o, 0243 parts, of which the mean diſtance of 
the Earth from the Sun is 1. Beſides, he found 
this Orbit ſo plac'd in reſpect to the Plane of the 
Ecliptic, as to be inclin'd to its Plane in an An- 
gle of 61. 20'. 20”, and the aſcending Node 
in W 1. 53“, and the deſcending one in S 1. 
53', and that the Comet moy'd ſo in this Orbit 
as to be in its Perihelion in the Year 1680, on 
the 8th Day of December Old Stile, o Hour 4 Mi- 
nutes after Noon. He found alſo the Orbit of 
the Comet of the Year 1683. figured and poſi- 
ted after the following manner, wiz. its Perihe- 
lium in 1 25%. 29. 30”, which it was in on the 
37 Day of 97 Old Stile, 2 Hour. 50“; the 
Latus rectum of this Orbit of 2, 2408 parts of 
which the mean diſtance of the Sun from the 
Earth is x, the Inclination of this Orbit to the 
Plane of the Ecliptic 8 * 117, aſcending Node 
m 239. 23, and deſcending Node in & 23. 23“ 
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Of Comparative Aſtronomy, 


I the Five foregoing Books, we have ex- 


plain'd Aſtronomy as it is agreeable to the 
Inhabitants of the Earth; that is, we have 
deſcrib'd the Phenomena of the Fix'd Stars, of 
the Sun, of the Planets and Comets as they are 
ſeen from the Earth, and we have taught how 
to find the reſpective Places of every one of 
them for a given Time, and other Things of 
that nature, each in its proper place: And now 
we ſhall in a few Words ſhew what kind of A- 
ſtronomy the Inhabitants of the reſt of the Pla- 
1 | nets 
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nets and other vaſt Bodies which are diſpers d 
over the Univerſe, wou d eſtabliſu. Not that 
we believe, and much leſs affirm, that there are 4 
any fuch Aſtronomers any where ; but by ſup- | 
poling the Eye to be plac'd ſometimes in one 
and ſometimes in another of the Celeſtial Bo- 
dies, and explaining what ſort of Aſtronomy a 
Spectator wou'd eſtabliſh according to his diffe- 
rent Station, we hope to give no ſmall Light 
for the thorough underſtanding of thoſe Things 
which we have ſaid of this our Earth: For we 
wou'd not ſpeak of ſuch empty Appearances, 
and never ſeen or likely to be ſeen in any one, 
unleſs it was for this end. Therefore, as we goon, 
we ſhall not only ſuppoſe the Eye in the Planets 
which move about the Sun, and their Satellites, 
where ſeveral famous Men have formerly and do 
now believe that it is probable that there are In- R 
habitants endu'd with Senſe, but we ſhall ſup- 
poſe it alſo in ſome one of the Comets, in the 
Sun itſelf, and in the Fix'd Stars, where no body 
has ever ſuppos'd Inhabitants. 
A great many eminent Men have taken pains 
to illuſtrate this, Plutarch ſays many things with 
regard to this, in his Book of the Face in the Orb 
of the Moon. Kepler wrote a Book of Lunar Aſtro- 
nomy, publiſh'd after his Death, under the Title 
of, The Aftronomical Dream, in which he ſpeaks 
of ſeveral Phyſical and Aſtronomical Macters, 
as he always does every where elſe. But in ex- 
plaining the Phenomena ſeen from the Moon, 
he has made ſome few Errors, becauſe he took 
no notice of the Libration of the Body of the 
Moon, or elſe he did not refer it to its proper 
Cauſes: Therefore I have been forc'd to alter it 
quite. The famous Chriſtian Hugens has lately 
publiſh'd a Theory F rhe World, full of 22 
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Conjectures, in which he has ſhewn ſeveral A- 
ſtronomical and Phyfical Conſiderations worthy 
of his Genius. But theſe two ingenious Men 
were in earneſt about the Inhabitants of the 
Planets ; eſpecially Hagen who did not at all 
doubt but that in every one of the Planets were 
Inhabitants like, or at leaſt not very unlike 
thoſe of the Earth; and to this purpoſe it was 
that he wrote a Book rather of Phyſical than 
of Aſtronomical jderations, But I, who 
have only undertaken to treat of Aſtronomy, 
have ſaid nothing concerning the Things ne- 
ceſſary or convenient for the Animal or Senſi- 
tive Life, which may be found, or are wanting 
in particular Planets : I have only plac'd the 
Eye (which, with the Reader's leave, I ſhall 
ſometimes call a Spectator) as beholding things 
above and round about it, | 
Beginning by the Sun,where the Aſtronomy is 
moſt ſimple, I ſhall goon in order to Mercury and 
the other Planets: The moſt remarable Phæno- 
mena belonging to every one ſhall be treated of 
by themſelves ; but thoſe that are common to 
many are referr'd to one and the ſame Propoſi- 
tion. Then transferring the Eye to ſome Co- 
met, I ſhall obſerve what would be ſeen from 
ſuch a Place; and, by way of Corollary, we 
deſcribe how our Solar Syſtem wou'd appear, 
if ſeen from ſome Fix d Stars. Laſtly, ſeveral Phæ- 
nomena which will appear to a Spectator in the 
Earth's Attendant the Moon, and beſides, I rec- 
kon up ſeveral Phænomena that wou'd appear 
from one of the Satellites of Jupiter and Saturn. 
I mention, by the by, what will be the true 
fe what the apparent Aſtronomy, in theſe dif- 


erent Stations, what Conveniencies they will 
have, and what Inconveniencies they will he 
e 0 
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ſubject to, who, by Obſervations made from 
theſe Stations, wou'd endeavour to find the true 
Syſtem of the Circum ſolar Planets, and mea- 

ure their Diſtances and Magnitudes. And laſt- 
ly, I ſhew which is the moſt convenient Situa- 
tion for Aſtronomy, as well among the Primary 
as among the Secondary Planets. 

The Phznomena that are look'd upon by the 
Inhabitants of the Earth |as principal, I alſo e- 
very where hold as principal, viz. the Viciſſi- 
tude and Meaſure of and Night; the Order 
of the Fix'd Stars; the apparent Magnitude of 
the Sun, the Quantity of its Light, and Intenſe- 
neſs of its Heat ; the Length of the Years and 
Months, the Summer and Winter ; the Phaſes 
of the Moons; the Eclipſes of the Luminaries ; 
the Number, Directions, Stations and Retrogra- 
dations of the Planets ; the aptitude of Phæno- 
mena for the finding out ef the true Syſtem ; 
the exact Accuracy that is requir'd in Obſerva- 


tions that are of uſe in Aſtronomy, and other 
things of that nature. 


ProPOSITLON I 


O deſcribe what will be the chief Phenomena, 
when the Eye is in the Sun. 
If the Eye is ſuppos'd in the Sun's Center, 
looking round about every way, the Fix'd Stars 
and all the Planets will appear to be in a Sphere 
concentric to the Eye, as it happens to us when 
we look from the Earth; and indeed the Fix'd 
Stars and the Milky Way will appear in the ſame 
Order, and diſtributed into the ſame Conſtella- 
tions as they appear to us Inhabitants of the 
Earth. For ſince the Order of the Fix d Stars, 
and the Figures of the Conſtellations are not 
chang'd in reſpect to us who are carried with 
| the 
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the Earth about the Sun, it is plain that it re- 
mains the ſame to the Eye placed any where 


within that Circle, and therefore to it in the 
Sun's Cencer. If the reprefentation of Things 


which give names to the Conſtellation be drawn 
forward and concave, they will become the 
Schemes or Conſtellations of the Ancients ; but 
if they be drawn backwards and convex, they 
will become the Modern Figures of the Con- 
ſtellations, more fit for artificial Globes than for 
the Heaven itſelf. | | 

It is alſo plain, that the order of the Fix'd Stars 
will remain the ſame if the Eye be on the ſur- 
face of the Sun, or in Mercury, or in Venus, 
becauſe they are contain'd within the Orbit of 
the Earth. But alſo becauſe of the immenſe di- 
ſtance of the Fix'd Stars, upon account of which 
it happens, that tho the place of the Obſerver is 
mov d, the whole Diameter of the Magnus Orbis, 
the order -of the Fix'd Stars does not appear 
chang'd in the leaſt, if the Eye be in Saturn, the 
outmoſt of the Planets of the Solar Syſtem, this 
Order will remain the ſame, or at leaſt not ſen- 
ſibly chang d. For the change of Diſtance, 
which is inſenſible to us, if it be ten times great- 
er (which may happen, becauſe the diſtance of 
Saturn from the Sun is ten times greater than 
that of the Earth from it) will not be very ſen- 
ſible, 

Tho' the Planets ſeem plac'd among the fix'd 
Stars, our Obſerver will in a little time diſtin- 
guiſh them from the Fix'd Stars, obſerve the Pe- 
riod of each of them, and compare them toge- 
ther, taking the Period of one for a meaſure, to 
which the Period of the reſt muſt be referr'd. 
And altho' we ſuppoſe the Obſerver unmov'd 
(becauſe he is ſuppos d in the Sun's Center) * 

or 
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for that reaſon liable to no change of Situation 
(or any thing like it) by which he may mea- 
ſure the diſtances of the Planets, he will natu- 
rally conclude, that of two Planets compar'd 
together, that is the remoteſt which takes up 
more time to return to the ſame Fix'd Stars ; 
and therefore that Saturn is the remoteſt, Jupi- 
ter nearer, then Mars, then the Earth below it, 
then Venus, end loweſt of all Mercury. 
Neither is there reaſon to doubt but that the 
firſt Aſtronomers made uſe of that Rule for find- 
ing out the order of the Planets: (For the Opini- 
ons which Plutarch in his 2d Book of the Opinions of 
Philoſophers, makes mention of that of Zenocrates, 
who — the Stars to move in one and the 
ſame Surface, and that of Metrodorus of Chios and 
of Crates, who believ'd the Sun to be plac'd 
higheſt of all, and after it the Moon, then the 
fix'd and wandring Stars, were either the noti- 
ons of ignorant Men, or as I am more inclin'd 
to believe, of ſuch Men as had a mind to hide 
the Truth : ) tho it be more difficult to apply it 
from the Earth than the Sun, by reaſon of the 
Stations and Retrogradations of the Planets ſeen 
from the Earth; therefore we have been o- 
blig d to obſerve ſeveral of their Stations and 
Retrogradations, to know from their mean Mo- 
tions what their Periods are. But the whole 

Revolution of each of them was not ſo eaſily 
known; becauſe when ſeen from the Earth, 
they did not after one whole Revolution return 
to the ſame Fix d Stars, becauſe the Obſerver's 
ſituation is not then in the fame place. Not- 
withſtanding theſe Inconveniencies,they beliey'd 
Saturn the remoteſt, becauſe the moſt flow, then 
Jupiter, then Mars, and the Moon loweſt of all. 
But concerning the three remaining ones, name- 


ty 
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ly the Sun, Venus and Mercury, there was ftil! 
left room to diſpute, becauſe they found their 
mean Motions equal thro' the whole Zodiac. 
Whence ſome plac'd Venus next to Mars, Mer- 
cury next to it, and then the Sun, as Plaro the 
Younger did; others put Mercury next to Mars, 
then Venus, and then the Sun, as Porphyry ; Al- 
petragius makes Venus to be under Mars, then 
the Sun,and then Mercury; others plac'd the Sun 
next to Mars, then Venns, then Mercury, as 
Prolemy himſelf, and ſo the Sun was number d as 
plac'd in the middle, in the order of the Planets; 
(Saturn, Jupiter and Mars, being above it, and 
Venus, Mercury and the Moon below it; ) 
which differ'd very little from the moſt ancient 
and true Syſtem, in which the Sun is in the mid- 
dle of the Planets, which about that time was 
ſcarce out of date, at leaſt not in the Expreſſi- 
on. Others in the mean time from the equality 
of the Mean Motion of thoſe three Celeſtial 
Bodies, affirm'd, that Venus and Mercury went 
round the Sun, and that their Orbits were 
carried by the Sun as Epicycles, which Opi- 
nion was agreeable to Cicero and the e£gypriar 
Philoſophers ; unleſs we rathet think that this orz 
der of thoſe three Bodies was the remains of the 
true Syſtem of the World, not yet loſt among 
the «Egyptian Prieſts; ; 3 
But our Solar Obſerver will have no ſuch 
things to hinder his Reaſonings; for to him all 
the Planets will be continually direct, with Po- 
riods altogether different, and will appear to re- 
turn to the ſame Fix'd Stars, whence their Or- 
der will be, without heſitation ſettled from the 
foreſaid Principle. Which in courſe of Time will 
be more confirm'd, when they (being eaſily di- 
Ringuiſh'd from one another, either by their 
, magni- 
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tude obſerv d before, or their different colour) 
an Inferior one will be eaſily ſeen to cover 4 
Superior one. 
The Spectator will alſo in a little time find 
that if he compares any Planet with the Fix'd 
Stars it will ſomerimes go ſlower and ſometimes 
go ſwifter, and from the ſaid Rule will conclude 
that it is ſometimes nearer and ſometimes fur- 
ther off, which will appear more plainly from 
the change of its apparent Diameter. But when 
he has obſerv'd that the Velocity is not increas'd 
in the ſame Ratio as its apparent Diameter, but 
almoſt in a duplicate Ratio, he will find that the 
change of Velocity is not altogether optical; but 

that half of ic is really in the Planet, and that 
the other half appears ſo by reaſon of the great! 
er nearneſs. 
Tho he eaſily has the Order of the Planets 
rightly eſtabliſh'd, it will not be ſo eaſy for him 
to compare their different diſtances from the Sun 
one with another: For hefe is wanting (what 
we have upon Earth) the tranflation of the 
Obſerver from one place to another, or the di- 
verſity of Stations, by which he may compare 
the different Diſtances from himſelt with the di- 
ſtance of the Stations. 8 15 
If we remove the Eye from the Sun's Center to 
its Surface, then all theſe things will be plain from 
the Parallax of the Planets : For the horizontal 
Parallax of the Earth toan Eye ſo plac'd, is equal 
to the Sun's Semidiameter ſeen from the Eacth, 
wiz. 16', and therefore ſenſible enough; and the 
horizontal Parallax of Saturn himſelf which is 
ten times farther diſtant, will exceed a Minute 
and a half, whilſt that of Mercury ariſes almoſt 
to 50“. Since then theſe Parallaxes are ſenſible 
enough, the diſtances of the Planets may be com- 
| | 2 2 2 par d 
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par'd with the Sun's Diameter, and therefore 
alſo with each other. The Eye being thus plac'd, 
all che Fix'd Stars and Planets will appear to re- 
volye from Eaſt to Weſt in the ſpace of twenty 
five of our Days, The Northern Pole of that 
Revolution will be in that place which We In- 
habitants of che Earth refer to the tenth degree 
of Piſces, with a Northern Latiaude of 83 og 84 
Degrees, whence the arctic Polar Star will be 
at the ſecond flexure of the Dragon, and which 
is not above three Degrees from the Pole itfelC 
The South Pole will be in the tenth Degree of 
Virgo, 83 or 8 Degrees towards the South, 
near to a Star of the fourth Magnitude ; which 
according to the ingenious Dr. Haley, is to be 
ſeen in the firſt Oar of the Ship Ange. 
And tho' the foreſaid Obſerver has no vicifli- 
tude of Night, as being plac'd in the ſurface of 
a. moſt lucid Body, which makes Day, yet the 
Fix d Stars and Planets will make unequal Arcs 
above and below the. Horizon, as they de- 
clin'd towards the Pole, which is rais'd above 
the Equator, or to that which is depteſ d be- 
low it, juſt as it happens to us Inhabitants of 
ran mene id. - 
The Planets ſeen from the Sun appear of different. 
magnitudes. The diameter of Saturn ſubtends an 
Angle of 18”, that of Jupiter of about 40”, that 
of Mars of only 8“, of Venus an Angle of 28”, 
and Mercury 20“. The famous Hagens lays down 
the Diameters of the moſt remote ones, vix. Ju- 
piter and Saturn as much greater; making that 
of Jupicer, of almoſt 54” ; and that of Saturn 
without his Ring, of 27”. If we make the Earth's. 
apparent Diameter from the Sun to be a mean 
between the Diameters of the neareſt, namely, 
che apparent Diametecs of Venus and Meccury, 
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it will be of 24” ; if we make it a mean between 
the Diameter of the four neareſt to the Sun, ( for 
the two ſuperior Jupiter and Saturn, are altoge- 
ther different in Magnitude from the inferior 
Planets) it will be of about 18“ or 19”, ſuch as 
Mr. Caſſini lays it dow. oY 

ſe ſix Planers three have Satellites; 


Of the 
namely, the Earth has only one, which is the 
Moon, which will appear to be diſtant from it, 
at moſt, only ten Minutes; Jupiter has four 
Moons, the furthermoſt of which will never be 
further from Jupiter than 97; Saturn appears 
accompanied with five Satellites (beſides the 
Ring) whoſe outermoſt goes about as far from 
Saturn. The Ways of theſe Satellites feen from 
the Sun being fometimes more and ſometimes 
leſs obliquely ſeen, will appear Ellipfcs ſometimes 
broader and ſometimes narrower. Sometimes 
the Planes of choſe Orbits produc d go thro' the 
Sun, in which caſe the Ellipſes are chang'd into 
lines, appearing firſt a very narrow Ellipſe, 
which happens twice in every revolution of that 
Orbit about the Sun, if fo be that the Plane of it 
remains parallel to itfelf ; whence the Satellite 
will ſometimes appeat cover d by its Primary, 
and ſometimes again to cover it, and at another 
time to move in an Ellipſis about its Diſc. 
The Primary Planets and their Satellites have 
their Surfaces not only not ſmooth and polifh'd 
but ſo ununiform as to have ſeveral brighter 
darker that is, which do more or leſs re- 
flect the Rays of the Sun, by which they are en- 
lighten d. Theſe Spots by the Rotation ofthe Pla- 
nets about their proper Axes, defcribe Circles; 
therefore when ſeen from the Sun, their Ways on 
the plane of the Planetary Diſc will be ſometimes 
Ellipeical and ſomgrimes ſtreight, (as the before- 
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mentioned Satellites Ways), according as the 
Sun is lifted up above either ſide of the plane 
of the Circles, or is found in it, as it is at 
the time of the Æquinox of that Planet. 
If there are (cries or heaps of thoſe Spots, as in 
Mars and Jupiter, theſe will be ſeen bent into 
Semi-Ellipſes ( for the other half of the El- 
lipſis lies on the back ſide of the Planet) or ex- 
tended into right lines; which alſo happens to 
the outward Edge of Saturn's Ring. But ſome 
of the Spots are ſometimes hid for ſome time, 
and ſometimes appear again as long; namely 
when a Planet approaches the Pole which is 
turn'd from the Sun or that which is toward it. 
Theſe things are very obfervable in Saturn and 
the Earth, but fcarce in the others; becauſe in 
them the light of the Sun always reaches from 
Pole to Pole. | 

The Eye plac'd in the Sun will fee no Sha- 
dow nor Eclipſe, becauſe they are always turn'd 
from the Sun. But ſometimes to an Eye on the 
ſurface of the Sun, when the Planet is in the 


Horizon, its Secondary will appear in the Pe- 


numbra of the Primary, or the Penumbra of the 
Secondary may appear caft on the Diſc of the 
Primary, which will be known by the Colour, 
which will be ſomething duller. "LI 
Moreover, the Heliocentric places of Planets 
(and therefore with more difficulty their Places 
ſeen from a point on the Sun's ſurface) will be 
eaſily determin'd by what has been ſaid in the 
34 Book. Nay, we muſt determine every Pla- 
net's Heliocentric Place before we can deter- 
mine irs Geocentrical one. 
Beſides, the ſix Primary Planets and the ten 
Satellites (for hitherto we Inhabitants of the 


Earth have ſeen but juſt ſo many) which to 
bY , a 
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a Solar Obſerver will appear to move in a Zodi- 
Degrees broad, and not much 
inclin'd to the Circie of the firſt Motion, and 


ac ſcarce ſixteen 


the (ame way, and in Orbits almoſt concentric 
to the Sun; beſides them, I ſay, there are other 
Bodies of a different kind: whoſe number is yet 
uncertain, carried in very excentric Orbits (call'd 
Comets) which ſometimes come near to the 
Sun, and ſometimes go off to immenſe Diſtan- 
ces from it. Theſe Comets will appear to be 
carried among the Fix d Stars not all the ' ſame 
way, but one one way and another another, 
(tho every ſingle one obſerv'd by itſelf will al- 
ways go the ſame Road; and for the moſt parc 
do not go in the Zodiac or Way of the Pla- 
nets, but in ways very much inclin'd to it, but 
always in great Circles of the Sphere. 

Comets are not only diſtinguiſh'd from the 
Planets by the great difference of their motion 
from the motion of the Planets, but by the Hairi- 
neſs, which being ſeen from the Sun, does not 
(as it often happens with reſpect to us) extend 
it ſelf like a Tail, but appears always to encom- 
paſs the Head, as we ſee it when a Comet is in 
oppoſition with the Sun in reſpect to the Earth. 
But ſuch a Periwig is ſomething thicker towards 
that part among the fix'd Stars where the Comer 
is going, but more extended towards the con- 
trary parts, Moreover, that Hairineſs is great- 
er and brighter when the Comet deſcends 
to its Perihelium; not only upon optical ac- 
counts, becauſe it is both nearer to the Eye and 
the Sun which enlightens it ; but chiefly becauſe 
the Vapour which cauſes. it is thrown out in 
greater quantity, by reaſon of the encreaſe of 
the Heat which cauſes it. But the Periwig a- 
bout a Comet will not even then appear to a 
RE. Sular 
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Solar Obſerver, to be compar'd to that which at 
ſach a time wou'd appear ee Ob- 


ſerver. 
r 82 


What we have faid is 
* and 0 as 


the Eye in the Sun is —— 

es — about it from feeing 

freely as we do u n ag whey the * 
does not ſhine. Porn it had a ſh 
duller Sight, ic might ſer other / things — 
off or leſs enlighten d, or not ſee che things 
which we have mention d; but if it ſees them, it 
will ſee them in the foremention'd mantter. 

Beſides the foreſaid Phænomena ſeenfromfar, 


je will ſee a great many changes on the farface 
of its own Habitation: Por at one time it will 
be cover d with great, denſe and frequent _ 


or Iſlands, in & little time will e 


their figures and then be altogether dlfipared 


and vaniſh ; ſometimes for a long time there a 


pear mo ſuch por (ala noo gre rea pr det) 

time. But to an Eye in the place 
ER they will not be lobe d up- 
on as Celeſtial Phænomena; therefore We ſhan t 
fay much of em in this place. ebe 


Propos TION II. EY 
0 ry" what Ph anomens will — to an 
Eye 

"Beſides the Phænomona of the order ofthe Fix'd 
Stars, which agree alike with an-Eye plac'# any 
where within theOrbofSatutn,ir isplainthat'the 
Eye poſited in „will ſee the Sun almoſt 
three times broader than we ſee it from the 
Earth, becauſe (by Prop. 46, and 42: P. 1.) Mer- 
cury is almoſt three times nearer to the Sun than 
the Earth. Whence alſo the Solar Diſc ſeen from 
Mercury, is ſeven times greater than the Diſc 


* 
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a8 it appears to us, and (by Prop. * B: T.) Mer 
eury has ſeven times more cæ- 
teris paribus, than the Earth. But theſe Quah- 
ties are much more or leſs intenſe accordin 
to the diſſerent diſtance of. Mercury from t 
San ; for its Ocbit is mach more excentrie 
than the Orbit of any other Planet. 
The accelerating gravity towards the Sun is 
= ſeven times 2 there than here. The 
nſiry of — ey the acce- 
—. Bodies on its ſurface towards 
— — from Prop. 49. B. 3. 
tho' leſs accurately than that towards the Sun, 

becauſe it is only done analogieally. But we 
mall nor ſpeak of ſuch things here of in the fol- 
lowing Pages, as not belonging to the Celeſtial 
Phenomena, which alone are to ha confider'd 


n this place. þ 414d 
"Be lids: hot Net been bound by Obſervation, 
Aether turms ies own Axis, 


and thereof it cant be certainly defis d 
Whether es an Eye plac'd om ĩts ſurfuce, all the 
things 'withbuit- Will to revolve with a 
contrary Motion; that is, whether it has the 
viciſfitade of Day and Night, much lefs what is 
che ſpace of in  Nychrhemeron or Natural Day; 
but one may ſafely enough conjecture that it 
does revdive About its Axis, ſinde the other Pla- 
nets do. But the Year of Mercury is ſcarce e- 
| to 2 of gur Vear, tho it is uncer- . 
tain whether je has differen! Seaſons, becauſe 
they depetid upon the inclination of the Axis of 
its Rotation, which is unknown, to the plane of 
the Orbit which je deſoribes about the Sun. 
The Eye placd in Mereury looking at the 
Sun, will ſee the Sun's Spots (when it has any) 
ee n © e line croſſing his Diſc from 


2 2 2 4 Eeaſt 
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Eaſt/ to Weſt, at another time their Way will 
appear elliptical and curve toward one fide og 
r'other ; as was ſhewn in the Schol, of Prop. 70. B 
and all the variety of this Phænomenon wi 
happen in one Year, in which the Track or Way 
of the Spots will appear twice reRilineal. In 
this caſe Mercury will ſee all the Spots on the 
Sun's ſurface, becauſe being in the plane of the 
Sun's Equator ig will ſee each of. its Poles in the 
margin or edge of the Diſc. But when the Eye 
is rais d above the plane of the ſolar Equator to- 
wards either Pole; that is, when the Spots ap- 
pear to deſcribe an Ellipſe, one Pole and the 
Spots near it are hid in the Sun's hinder Hemi- 
ſphere. But in eyery caſe a Spot neat the Sun's 
Limb will appear of a Figure different from that 
Which it had in the middle of the Diſc, as being 
very obliquely ſeen. PRESS 
But the Way of the ſolar Spots ſeen from 
Mercury will be almoſt always ſtreight; becauſe 
Mercury never much declines from the Plane af 
the Sun Equator;and therefore not ſenſibly from 
the Planes of the Circles which the Sppts de- 
ſcribe by theit ro tatig. 
And as the Plane of the Qrbit of the Earth is 
molt. of all inclin'd to the ſaid.Plane-of the Sun's 
Equator, the Way of the Spots: ſeen from the 
Earth appears more curve than if the Sun was 
ſeen from any other Planet. This Curvature 
will be ſpmething leſs ſeen from Jupiter or Mars, 
and yet leſs from Saturn, leſs ſtill from Venus, 
and leaſt of all from Mercury, as we juſt ſaid. 
Mercury will alſo ſee the Way as well of the Sa- 
tellites as of the Spots of the other Planets, ſome- 
times extended in a right line, ſometimes bent 
in a curve, and ſome of them ſometimes hid for 
à great while, and ſamerimgs az long viſible, ag- 
Hs Re OT cording 
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rding as they are near to or diſtant from the 
Suden or ſren Pole of the Planet. 
The other ſive Planets are ſuperior to Mercu- 
ry: therefore their Phænomena are to an Eye 
plac d in Mercury, as the Phænomena of Mars, 


cerning which ſee the 7th, 8th and th Propoſi- 
jons of the firſt Book. Therefore Venus and 
Earth, when they are in oppoſition with the 
Sun, will ſhine with a full Orb and reflecting the 


Sun's Rays very directly will ſhine upon Mer- 


all Night, and powerfully expel the Dark- 

wet For fince Venus when it is horned, and 
W 

lade 


s the leaſt, part of its enlighten d Hemi- 


bright as to gaſt a Shadow, it will. appear very 
bright to Mercury, to which it turns its whole 
enlighten'd Hemiſphere. The Earth alſo has a 
great power of reflecting the Sun's Rays, as it 
appears from that Light which it caſts upon that 
irt of the Moon's Diſc which is turn d towards 
it; But being as well more diſtant from Mer- 
cury, Which is to be enlighten'd, as from the 
Sun from which it receives irs Light, it will do 
much leſs in this caſe than Venus, unleſs it ſhou'd 
be more apt to reflect Light than Venus, which 
is not likely. The ſuperior Planets do yet en- 
lighten Mercury with a weaker Light than they 
do us. | 
5 2 ſees no inferior Planet known to us, 
and therefore ſees no celeſtial Body falcated or 
horned; and therefore a Spectator there will 
want the Argument: taken from ſuch Phaſes of 
the Planets to eſtabliſh the true Syſtem of the 
World : For the Phaſes of the inferior Planets 
ve Clearly ſhewn that they mov'd about the 


dun; hence it was natural ta think the ſame af 


the 


Jupiter and Saturn ſeen from the Earth, con- 


phere to the Inhabigants of the Earth, is ſo 
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the other Motions, But nevertheleſs, tho we 
don't fee any Planets inferior to 3 it 
no ſuch: 


does by no means follow that there are 
for Mercury himſelf is ſeldom ſeen in out ob- 
—— y = One —_ be much = 
rior to it wou'd never 21 upon sceount of 
its rearnefs to the Sun. r | 
An Obſerver in M , 2s well as we upon 
Earth, wants Mediums to compare the Diſtances 
and Diameters of the Celeſtial Bodies with the 
Diameter of his Habitation, or with his on Mea- 
fures, unleſs he has very exact Inſtruments. For 
the Patallax of the Sun ſeen from Mercury (. 
2 


far as we can gueſs from Analogy) is leſs 

its Parallax wien Teen from the Earth; hs 
parent Diameter of Mercury ſeen from the Sun 
been leſs than the Diameter of ' the Earth ſeen 
from it: and Venus when in oppoſition with the 
Sun, and therefore neareſt to Mercury, is near 
as far from Mercury as the Sun; and 
the Parallax of Verits (even when Mercury in 
its Aphelium ſees it oppoſite to the Sun, am 
conſequently neareſt of all to it Telf is not 
greater than the Parallax of the Sun ſeen from 
the Earth. And theſe are the two great Bodies 
of the World, near to cury, which have 
the moſt ſenſible Parallax. + hate 
But becauſe Mercury changes its place, a Spe- 
ctator in Mercury, by Obſervations made from 
different Stations, will gather the ratio between 
the diftance of Mercury from the Sun, and the 
diſtance of any other Planet from it, aſter the 
ſame manner as we Inhabitanes of the Earth do 
it from the Parallax of the Mzy»ai Orbis: Hut 
certainly it cannot be ſo ſafely determin'd be- 
cauſe the diſtance of Mercury from the Sun is 
not ſo great in reſpect of the diſtance of the o- 


— 


ther 
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ther Planets, as the diſtance of our Earth from 
the Sun. Bur as it is yet ſenſible enough in re- 
ſpe& of them, being about the five and twen- 
tieth part of the diſtance of Saturn from the 
Sun; the ratio of all thoſe diſtances will conve- 
niently enough be derermin'd by Obſervations 
made in Mercury, if fo be that the Obſerver 
knows the motion of its Habitation about the 
- 7 Burt if, rruffing to bis Senſes, he thinks 
Mercury to be immovable, he wont be able 
to do even this, any more than our Aﬀronotners 
Infiabirants of the Earth as long as they look d 
upon che Earth as iftiniovadle ; which is evident 
from the Diſtances of the Planetary Orbits aſ- 
ſign d by the Followers of Prolemy, ſo vaſtly dif- 
ferent from one another, and yet agreeing well 
enough with the Phænomena. For in the Syſtem 
whereby the Obſerver's Place is ſuppos d un- 
mov'd, if an Epicycle be ſuppos d for any one 
of the ſuperior Planets to run thro' in one Re- 
volution about the Sun, and ſufficient to explain 
its greateft obſerv d diſtance from the place in its 
excentric near the Quadrature with the Sun, the 

Semidiameter of the Excentric which is the De- 
ferent of the Epicycle, may (without contra- 
dating the P mena) be taken of any mag- 
nitade, fo that it be ſuch that che Planet, when 
neareſt, may be further from the Earth, than 
what wou'd make its diſtance liable to be defin'd 
from the Parallax :. nay, nothing hinders Mars 
from Being plac d above Jupiter, or Saturn be- 
233 we RB _ Rule on in the 
oing Prop. t depends upon Sagacity 

and Te — 1 - — 
The Places of the Sun and all the Planets, 
feen from Mercury, are found the ſame way as 
When ſeen from the Earth, and defin d ft 
ah +: FS -*; ETSY, _ = ep 


* 
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help of the Tables in B. 3. For ſince out of them 
the Heliocentric Places, as well of Me 
of any other Planet are readily defin'd, the Her- 
mocentrical Place of this other will be defin'd 
by an Operation like the operation of the 40th 
Prop. B. 3. which is alſo true of any other Planet, 
and therefore I ſhall not repeat it in the follow- 
ing Propoſitions. | 
The Phznomena of the Comets ſeen from 
Mercury, or any other of the Planets, are al- 
moſt the ſame as their Phænomena ſeen from 
the Earth, of which we ſpake in the foregoing 
Bus for they differ in nothing but their di- 


© ProPosITION III. f 
ö deſcribe the Pbænomena as feen by an Eye in 


Venus. 

In Venus the Sun's Diameter appears almoſt 
as little again as it does in Mercury, and once 
and a eater than to us on Earth. Whence 
the Sun's Diſc ſeen from Venus is more than 
twice greater than from hence by us, and alſo 
the Light, Heat, and Due Gravity to- 
wards the Sun, are encreas'd in the fame Pro- 
Vemus's Year (namely, its Period about the 
Sun) is equal to ſeven and a half of our Months; 
but * Day in Venus is almoſt an Hour leſs than 

our Day. 3 
| Vemis ſees four ſuperior Planets, whoſe Phæ- 
nomena therefore are like thoſe of Mars, Jupiter 
and Saturn, ſeen from the Earth, or all of them 
ſeen from Mercury. But our Earth ſeen in op- 
poſition with the Sun, and for the whole Night, 
ſince (by Prop. 9. B. 1.) it ſhines with a full Orb, 
will appear very bright ; and this Light will bg 
. . 5” — 1 8 + * lbs : en- 
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encreas d by that of our Moon, ſhining alſo at 
that time with a full Orb. The Moon e 
pear always to accompany the Earth, as it really 
does, and ſometimes will be above half a degree 
diſtant from the Earth. 
Venus has only one inferior Planet, namely, 
| Mercury, which is never farther. diſtant from 
the Sun than about 38 Degrees, and which will 
appear in the ſame manner to Venus, as Venus 
and Mercury do to the Inhabitants of the Earth, 
concerning which ſee Book 1. Prop. 4, 5, and 6. 
An Obſerver in Venus will not want means 
to compare the diſtances of celeſtial Bodies with 
his own meaſures ; for he will compare the Dia- 
meter of his Venus with the Meaſures which he 
commonly makes uſe of, as we do our Earth's 
Diameter with our Meaſures, by Schol. Prop. 17. 
B. 2. and the Parallax of the Earth in oppoſition 
to the Sun, is four times greater than the Paral- 
lax of the Sun ſeen from the Earth, and there- 
fore not altogether inſenſible: Therefore he 
knows the ratio of the Diameter of his Venus to 
the Diameter of the Earth oppoſite to the Sun, 
and Retrograde from Venus ; that is, the diffe- 
rence of the diſtances of Venus and the Earth 
from the Sun; but the Parallax of the other 
Planets (even when neareſt to Venus) is almoſt 
inſenſible. If che Obſerver in Venus knows that 
Venus moves about the Sun, he will from thence 
gather the diſtances of the Planers from the 
Sun, as the Inhabitants of the Earth do: And 
from the ratio between two Quantities, and 
their difference being given, the Quantities 
themſelves are alfo given, and conſequent] 
thoſe others having given Ratios to one of the 
ſaid Quantities. Bur if he does not know that 
his Habitation moves, he will indeed (by the 
Rule 


40 
». 
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Rule given in Prop. 1.) ſettle by conjecturet 
the Order of the Superior Planets, but not their 
Diſtances, as has been ſaid in the foregoing 
Propoſition concerning Mercurial Aſtrogomers, 
He will have the ſame reaſon of doubting of 
the order of Mercury and the Sun as the An- 
cients ( Inhabicants of the Earth) had of 
doubting of the order of Mercury , Venus, 
and the Sun; ſome ſaying that Mercury is 
above the Sun in reſpe& of Venus at reſt in the 
Center; others ſaying that it is below it; and 
laſtly, others faying that Mercury moves about 
the Sun as the Center of its motion. But at laſt 
it will be out of doubt that Mer moves a- 
bout the Sun when the Sight can be fo far help d 
as to make its Phaſes viſi For before that, 
one may (without contradicting the Phænome- 
na) err ſo much in the eſtimate of the Diſtan- 
ces of the Planets, that if an Epicycle be al- 
low'd to Mercury, whoſe Diameter ſeen from 
Venus is equal to two Signs and a half, and its 
Center be plac'd in a Line joining the Sun and 
Yeo 2 , rl id the 4 
rent of the Epicycle may 'd beyond t 
Sun's Orbit, or any where ſhort of it, if ſo be 
that it exceeds the limits of a Diurnal Parallax. 
Which is plain from this, that in the Syſtem of 
the Earth unmov'd (without contradiction to 
the Phænomena then known) the Deferents of 
the Epicycles of Mercury and Venus are plac'd 
far ſhort of the Sun) by almoſt allthe Aſtrono- 
mers who are the followers of P ; tho' now 
there is no Body but what may of of himſelf 
diſcover that thoſe Planets go round the Sun. 
Having once determin'd the diſtances of the 
Planetary Orbs from the Sun in the true Syſtem 
of Venus moving about the Sun, if * 
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ſtronomer will have Venus (his Habitation) te 
be in the Center of the World and unmow d, he 
may ſuppoſe. it two ways according to the Laws 
of Optics. Firſt, that Venus being in the Cen- 
ter, the Sun together with all the Planets, and 
their Orbits which they deſcribe about the Sun 
will move the ſame way in tight lines parallel 


to each other ; ſuch an Obſerver in Venus will 


have the Tyebonic Syſtem, namely one in which 
the Sun is carried in an Orbit equal, ſimilar,and 
contrary to that which Venus does really de- 
ſcribe about the Sun, and all the Planets with 
their Satellites (except that they are carried by 
the Sun about Venus) will perform the ſame 
motions about the Sun which. they do; in the 
true Syſtem, the Primary Planes in Epicycles, 
and the Satellites inEpicyclo-Epicycles ; and the 
Orbit of the Earth will interſect the Sun's Heaven 
juſt as the Orbit of Mars in the Scheme of Tycho 
on Earth. But the Orbit of Jupiter does not inter- 
ſect but contain the Orbit of the Sun in ſuck a Sy- 
fem. on Mars. Secondly, An Aſtronomer may 
rightly eſtabliſh a Syſtem of Venus unmov'd in 
the Cemer, it after he has promoted his Venus 
to the central place, and at the ſame time made 
the Sun and all che Planets go in right lines pa- 
rallel ta each other as before, hut not the Or- 
bits of the Pl 


aners, Which he keeps unchang d, 


d the ſame which they deſerib d about the 


an 
Sun (whilſt it remain d in the Center) becauſe 


our Aſtronomer makes them move in ſuch Or- 
bit about himſelf; and he will on his Venus 
have the Ptolemaic Syſtem, in which the Sun is 


carried about Venus after the manner explain d 
in the Tychonic Syſtem, and every Planet is 
mov'd in an Epicyele equal, fimilar and con- 
trarily poſited to the true Orbit of Venus about 


the 


— 


the Sun; but the Center of the Epicycle is car- 
ried inthe ſame Orbit and after the ſame manner 
that the Planet it ſelf was mov d before the Sun 
was thruſt out of the Central place to pat Venus 
there, and the Epicyle of the Earth deſcends in- 
to the Heaven of the Sun after the ſame manner 
that the Epicyle of Mars does in ſuch a ſort of 
a Syftem upon the Earth, which alfo will be 
true in any other Planet beſides Mars. Thus 
wou'd the Prolemaic Syſtem be made conſiſtent 
with itſelf, and the motion of the Centre of the 
Epicycle be taken away from the Sun, and the 
motion of the Planet in the Epicycle be aſcrib'd 
to it as well in the inferior as in the ſuperior 
Planets; and, univerſally this Syſtem wou'd a- 
gree with all the Phænomena as well as the 
True one, Or as the Tychonic one. Thefe two Sy- 
ſtems (namely the Prolemaic and the Tychonic ) 
interchange the Deferents and the Epicycles : 
For the Tychonit makes the Deferent the ſame 
and equal for all the Planets, fimilar, and contra- 
rily poſited to the Orbit of the Spectators Pla- 
net about the Sun, but with different Epicycles, 
ſimilar and ſunilarly poſited to the true Orbits of 
the reſpective Planets about the Sun; for in this 
Syſtem the Sun has no Epicycle, as in the True 
one it has no Orbit, for in ſuch a Syſtem the E- 
picycle, and in our true one the Orbit is on- 
ly look'd upon as a point, which Figures are ſi- 
milar and fimilarly poſited. But the Prolemiic 
Syſtem gives all the Planets Epicycles equal ta 
the Orbit of the foreſaid dpectator s Planet about 
the Sun, ſimilar and contrarily poſited to it, but 
different Deferents, namely, the ſame as their 
reſpective Planets Orbits about the Sun in the 
true Syſtem. But becauſe the Syſtem aſſerted 
by the Prolemaics is not made out of the * Sy- 

em, 
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ſtem, but built by degrees on the Ph#rciomefitt 
without the help of the true one ; therefore in 
it the proportions df the Deferent Orbs (as the 
followers of it make their Syſtem) is unknown;' 
and only the ratio between the Deferent and 
Epicycle of each Planet is ſettled from its mo- 
tions; whehice it happens that in Saturn, Jupi- 
ter and Mars the ſemidiameter df the Deferent 
(from Prolemys owh Numbers) is to the Semidi- 
ameter of the Epicycle as the Diſtance of a Pla- 
net from the Sun to the Diſtatice of che Earth 
from it. But as in the Tjchonic Sy ſtem all Pla- 
nets have the ſame Deferent, if from the motion 
of any one be found the true ratio between its 
Bpicycle and Deferent, there will be found (ex 
wo) the ratio between the Epicycles of them 
all that is, between the Orbits of all the Pla- 
nets; and nothing elſe is done by the true Sy- 
ſtem. The juſt Syſtem of Ptolemy (that is the 
Prolemaic Syſtem, built on the foregoing Princi- 
ples) ſuppoſes the Epicycles of the inferior Pla- 
nets equal to the Sun's Orbit: But as it appear'd 
monſtrous to make an Epicycle greater than irs 
Deferent, therefore the Piolemaics chang d the 
Deferent of each of the inferior Planets into an 
Epicycle, but yet in ſuch manner that both 
(which they cou d not hinder) the Deferent and 
the Epicycle, ſnou d retain their nature; name- 
ly, that the motion of the Epicycle iti the De- 
4 ſhou'd be join'd to the Sun, and the Pla- 
net's motion in the Epicycle ſhou d be off from 
the Sun. By this change they left their genu- 
ine above-deſcrib'd Syſtem, and as it were fell 
into the Hyebonic; and the Prblemaic Syſtem of 
the inferior Planets differs from the Tychonic on- 
ly in this, that, without knowing the ttue Se- 
midiameter of the Deferent, it lays down only 
"mY Fee) Aaaa the 
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the true ratio between the pe of the 
Deferent and the Semidiameter of che Epicy-, 
cle; and That accarding, to; Feger is 

with the ratio of the of the Ele from: 
the Sun to the Diſtance of the ſaid inferior Pla- 
net in the true Syſtem. And the foreſaid two. 
Syſtems are male py retaining the Planetary 
Ochicof the true Syſtem; but if gu change them 
you may make an infinite. numher of Syſtems, , 
each of which will agree with the Phænomena, 
nay, find the place! of every; Flanet to be the 
ſame in reſpe& of che Earth (that. is, a right 
line being drawn, the ame in Magnitude an 
Poſzon)? as that in the true Syſtem ; and _ 
of theſe. Syſtems; wou d be, found' to be falſe 
without che belp.of Nacuzal Philokapby.... 
We have more chan u bare ſuſpicion fo incline. 
us to believe that Venus has à Satellite, from 
the Obſervations of that . crious. Aſtronomer: 
Mr. Cofſinj, made by chance in the two Years: 
1672 and 1686; in the laſt of hieb, on the 
28th day of 4Auguff,at a quarter after dur in the 
Morning, — a, 34. Foot Teleſcope, he for 
a quarter of an Hour ſaw as it were a Satellite 
of Venus diſtant from Venus abent 4 of the Di- 
ameter of Venus, of the ſame: Phafs/as Venus, 
(25. it ought to be, ſince cheir ſitration in reſpect } 
of the Sun enlightning, and the ſeeing, 
was the ſame). bs: E no regular Figure, and 
of a Diameter which was about; — of 
Venus's Diameter. That: Mr. Ca did not — 
that Satellite at an other time tho he mueh 
endeavour d it, might. be owing to this, chat the 
farface of that Satellite is leſs. - aþ8:t0\teflet the 
Sun's Light, as we find the ſame thing true in 
reſpe& of the Spots of aur Moon. For if our 
whole Moon ſhowd 2x. weakly ceflec-rhe 1 
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28 irs darkeſt Spots do, l ſearce bs vithis 
at Venus, and appear of an irre 
hated' Fi e i oor . cru: 
a Satellite of Venus (if it has one) ) is of a vety 


different nature from its. Primary, which does 


ſo powetfully-and ſtrongij tefleck the Li 

the Sun, that Hagens with, 2 Teleſcope of Foo 
cou'd ſee not like a Spot in it; which is 
alſo the teaſoti why the pofition of the Aits of 
its diurnal Rotation is not defin'd. But this dif- 
ference between Venus and its Satellite does 
ariſe from this, that it is not the ſolid 
be of Venus, but an 1 Atmoſphere about it ves 
5 and full of Vapours which reflects the 
t to us, ſuch an one as which is wint- 
in Satellite; as it be ns it our Moot, 
— "ths e Each is 'd with an Atmo- 
fphere denſe enough and full of Clouds, which 

wou d _ an in Venus from per- 
beivio — beg the diffi ion of Seas and Land, but he 
its Sur face alnioft ſmooth me equal- 
> Ber by eight, ſach as Venus appears to us. If 
Moon, it is almoſt in all reſpecti 
like our + Batch, Ron which it differs leſs in the 


A re * 


1 IV. 
1.4 deſcribe the Phenomena Fo an Eje foftted i in 
The. Sun's Diameter 2 appears ofie and a half 
leſs from Mars than Now the Earth; and there- 
fore it gives twice lef Light and Heat in the 
Region of Mars than it does co us on Earth. 
But eg Fu things, by reaſon of the great Excen- 
"Lit 6 of Mars, are ſenſibly chang d, 
tao 1 W ah as in Mercury. 
A2 2 Marr; 
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Mars's Year is almoſt equal to two of our 
Years ; but the natural Day but a little greater 
than ours : But the artificial Day, > Ts which 
the Sun ſhines above the Horizon, (except the 
Twilight before the Sun's Riſing, and chat af- 
ter its Setting, according to the Height of the 
der lu n is almoſt always and e- 
ry where equal to the Night, and therefore 
318 difference of the Summer and Win- 
dm, is there felt; and that becauſe he: Axis of 
Mars's diurnal Revolution i is almoſt, perpendi- 
cular to the Plane of its Orbit. In the, mean 
time the Places at different diſtances, from the 
middle Circle between the Poles have very 
different degrees of Heat, upon account of the 
different inclination of the Sun Rays t the Ho- 
rizon, as it is on the Earth at the time of the 
Equinox: And from hence I ſuſpect chat the Fa 
ciæ or Belts ariſe which run parallel in the Circle 
that is in the middle between the Poles. For 
ſince the ſame degree of Heat always continues 
in the ſame Climate, it is likely. that the Spots 
in Mars (like the Clouds and Snow on Earth) 
owing their riſe to Heat and Cold, are extend- 
ed acorn, to the Climate, and mak make Faſciæ 
parallel to the Circles of Mars's diurnal rotati- 
on ;which is alſo true of Jupiter, * like Mars 
has a perpetual Equinox. 

The Obſerver in Mars ſees two \ ſuperior Pla- 
nets, viz. Jupiter and Saturn, and two inferior 
Planets, namely the Earth and Venus; whoſe 
Phznomena are like the above-deſcribed” Phz- 
nomena of the ſuperior and inferior Planets. 
He will never ſee Mercury, (as never being a- 
bove half a Sign from the Sun) unleſs by chance 
like a Spot in the Sun as it goes over his Diſc; 
at leaſt H Mars 1 an 13 

ge 
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and as denſe as that of our Earth, as it 
ſeems likely by the obſervation of the Fx d Stars 
which grow duller, and ſeem almoſt 'extingui- 
ſhed before they appear to touch Mars's Glohe. 
He will ſee Venus as fardiftarit from the Sun as 
Mercury appears to us, and 'the Earth as far as 
we ſee Venus: as the Earth ſeen from 
Mars, appears ra almoſt in conjunction 
with the Sun, he will ſee the ſame thing at the 


Earth as the ingenious Mr. Caſini ſaw once or 
twice at Venus; namely the lower Planet fal- 
cated or horned, and its Companion by it of 
the fame Phaſis, which at moſt will not appear 
above a chird part of a Degree from it. 
An Aſtromomer in Mars is almoſt deſtitute of 
means to the Celeſtial Bodies with his 


A N I _ Diſtances with meaſures that 
be hoon; " of the Diſtance of the 
„ viz. Jupiter and the Earth. For 


when RET 1k neareſt ti t and the loweſt of 
all the Cele Bodies, its Parallax will not be 
fenſible, no mounting to above 12 Seconds, 
— eng Nine ts the Suns Parallax with us. 


But if he is ſenſible of the motion of his Mars a- 
bout che Sun, he may compare the Diſtan- 
ces of the Celeſtial Bodies one with another: 
If he is not ſenſible of it, he can't even know 
that ; as-hasbeen amply ſhewn 1 in the two fore- 


going Propoſitions. , gd | 


Moros bro v. 


T O ane the Celeſtial Pb mens as they ap- 
pear to an Eye in Fupiter. 

The Diameter of the Sun ſeen from Jupiter 
will appear a little more than five times leſs than 
it does when ſeen from the Earth; and there- 


dere i its Light and Heat will be twenty⸗ ſeven 
Aaaa z times 
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upiter than with us. Jupiter's 
equal to twelve of our Years : 
bs other hand the natural Day will be 
he moron g to ten of our Hours: 
motion of 1 n its Axis is 


gpm which 


Zone a 


WE 8. J 
an Artificial ho 5 . lmo 
25 1. the; whale NN upiter; be- 
abont w 


A hich J upiter . 
is almoſt e to the 
Orbit, about Sun, 3 
whence the Cs things will obtain as. in Mars, 
conce S 
„ ho' i chers 855 er y Fliges ; 
upiter, t e in Jupiter de e 
Wem if if we Foy it: not more ſharp>ſight 


than we, and believe that it bas fuchan — 
ſphere as the Earth: For Mars him 


himſelf who 
goes fartheſt of all from e Sun, Mn 1 be. 7 
bove 18 Degrees diſtant from it; 152 da 
both, ſmall, and w W B __— 
it will ſcarce be Diſtange 


Sun. 33 the Sun's, Light at 
Jupiter is not ſo bright as at the „and 
therefore that the neighbourin Stars are not 
ſo much darken'd - by-it ; but alfo the Light of 
Mars, the Earth and Venus, i is ding d: in the 
ſame ratio by reaſon of the encteas d Diſtance 
of the Eye: Whence at the lame . from 
the Sun, when ſeen from Jupiter; 
wiſe extinguiſh d by the Lite — the 


thy * below rhef may be ſega ike = 


8 el. Bat like- 
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upon the Sund Vile ; but tat! 


15 
9 7 7 


fee Aﬀtronowb det 
10 


88 1 


Er 
They. 


| hi 1 
6 g No 


6 Pl 1 n, he Huch more rea- 
fonably 06 That che le of fg Fart? 
eoncertiipgh& Earth) he 0 ae is fl 
attendande Shports tow 19 ber he will 
Saturn, juſt 7 75 ON our 
= 8 E 1 — 
| S u 
t ra mh becog Sou: Ja- 


1 pa aut Tom the Diſtan- 
ces ef d b bs 8 *with 72395 meaſures; 
namely with the Diameter of Ji 5 ag we do 
ours with the Diameter of the Eatth; and it will 
be eaſter for Hm to the Diſtance of the 
four neareſt Plants with tile Diameter of Jupi- 
ter, than it is for us to compare the Diſtance of 
the Moon with the Diameret br of the Earth: For 
che horizontal Parallax of the remoteſt of them 

Aaa a4 ſeen 
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ſeen from jupiter! is more than tw eater 

the horizontal Parallax of rh; ad: ſeen — 
+) * 7 . nſible. 2 tha! 
he Globe of Jupiter be of an immenſe bigne 
in reſpect of our Naß, the Parallax of og to 
ſeen from Jupiter wiil be ſcarce ſenſible, as not 
arifing to 20 e z neither will che Parallax 
of Saturn (even 0 hen . de to the Sun and 
neareſt to Jup io be much. greater: It will 
therefore be. A for the Jovial Aſtronomer 
to compare th t bſk ce 0 11 wah and Saturn 


with bin Mmeaſh a . the — 4 
tion o u ut the will ea 
find the ratio b wt A an 1 of Jupicer 


and Saturn from the Sun, nn 
has been een in the 1015 


Therefore the Jovial ole erver n 15% 
his Senſes will ee uiſh two 2 of ng pon 


namely four gear bim, and two y gan 
viz, the Sun and Saturn of 2 mall, and the 


other four of a much, greater, — 
ter. For of the os 900 Eng 75 17 — 
broad, but Saturr eve 
Be pf, half a 
he fourth from N 


ut the fame bi gneſs as. 5 
the. 1 


much Ic rd, the NS ey = yet aps 
pear bigger, elp« ially if they are not leſs than 
our Earth, as chat accurate Colmographer Mr. 
Hugegs, affirms that they are not. ef es, the 
four neareſt and apparently greateſt, will be # 
ſtinguiſh'd from the lefler and moſt rem 


0 in che neareſt 8 ihe Sues of 5 the 


Fer 
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Periodical: Times are as the Cube of their Di- 
ſtances from the Center of jupiter; but this will 
by no means hold if you compare. any of the 
great ones wick any of the little ones. Altho 
thoſe that are neareſt appear to be biggeſt, the 
Sun will appear vaſtly ney them; nay, 
from their Phaſes, which depend upon their 
Aſpects to the Sun, they wilb appear as ſo many 
Moons. Whence the Spectator in Jupiter will 
have four ſorts of Months denominated from the 
four Moons: Therewill be of the leaſt Months 
more than 240% in a Lear; of the Months im- 
mediately greater, the number ill be about as 
little again; of - the third in arder, the num- 
ber will be about ſubduple in a Jovial ear, 
or about ſubquadruple of the leaſt; but of the 
greateſt Months. there are about 254 in a Year. 
And therefore tho the notation of the Time be 
ſomething more intricate on Jupiter, becauſe 
the Year contains a great number of Days, yet 
by thoſe four kinds of Months it becomes ready 
enough: For in the leaſt Month there will be 
only four Days and a quarter; but in the great- 
eſt ſomething more than forty: Days. Fe 
_ Beſides, theſe Moons, when they are in op- 
poſition with the Sun in reſpect of Jupiter, 
running into Jupiter's Shadow, are Eclips'd 
again, when they are in Conjunction with the 
Sun, as they throw their Shadows on Jupiter, 
they will make the e of an Eclipſe of 
the Sun to an Eye poſited on that part of Jupi- 
ter where the Shadow falls (which is a ſmall para 
enough of Jupiter) as our Mobn does. But be- 
cauſe the Orbits of thoſe Moons about Jupiter 
are in a Plane (all of them indeed nearly in the 
fame Plane, except that the ſecond from Jupiter 
foes 3 lictle deflect fromir) inclin d to the Planeof 
4 | Jupiter's 


— — —L—— — 
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Jupicer's Way about the Sun, the Eclipſes of theſs 
are central and v when the 
— — 


the Sun is nat in i, 


342 


— — is 
— whiy the = as well of to 
as of the 1 ar every Reval 


Juplertiotoft of a 
— —— 1 fall ir 
tu Jupiters ow, o on the 
hand, their Shadows: will fall. on Jupiter j but 
in that caſe: the imbſt remote Satellite, 101 the 
faxth part of: a Jovidl Lear, will mif the Sha= 
dow when. it is ãn: ppoſition with the Sun, and 
Jupiter alſo.will.inet be any where darken d by 
Ege pe frre 2 Beg ger wil in rene: 
an Eye piter 'w t 
An 2255 Places, fee: the Phænomena of 
l Eclipſes. Moreover, an Eclipſe of the 
1is made here by a-Moon, whoſe Phaſis is 
ho ic — 2 Me Moon — 
te deſcrib 4 running into 
Jupiters Shadow: : For in ttt the Eaſtern Limb 
ol the. Moom sdaft{ Eclips'd, and the Weſtern 
ons does laſt & out of the Shadow] z bur, 
in ſome of them, che whole Weſtern Li 
cone: bi and the Eaſtern one does daſt of a 
r his * ds in others * contrary, 
Tho. 
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Ihn che Shadow of Jupiter i far extended be- 
vondl its Satelliges, it does not reach ſo far as 
any other Planet, which alſo true of all the 
* os Primary Planets. Fot Saturn alone, even 


tho it were infinite, con d be immers d in it; 


but the Shadow of Fupiter cannot be extended 
thou'd be nearly 


unleſs Jupiter's - Diameter 
it is ſcarce the ninth 


the Sun t *-Didinerer; and 
part af it. % 22 
A Suck e eee 
With a we iup avigation 
cou d. be pted an * 
very convenient, as we of the v 
ſhort Nights, (and 'thoſe upon Account of c 
number of the Moons, ' fratce withotit a Moon, 
and for the moſt part enlightened by ſeveral of 


them, and thoſe very brig aA by the 
help of the Moons the — aL de directed. 


Bt alſo from ſo many Ecli . Longitude of 
a PJagg will: be xafily Jefin'd, and accurate Hy- 
drographical Tables may be Conſtructed; which 
is very convenient in ſo vaſtia Globe, whoſe Sur- 
face being an hundred times (nay, a to 
FL four hundred times) bigger chan the Sur- 

of the Earth, wou'd render its meaſure v 


But the reciprocal Tide ariſin 70 


te four Moon (or the Sun's Forces Sr no 


or- raiſing a Tide at this vaſt 
* various and uncert 


e is us d to Calculations, * 12 


ProPosITION VI. 


45 the. _ 7 2 which 
"The I: Dian meter of -the Sun ſe og Cm 
W 


d his 
Light and Heat at leaſt ninety times leſs 


chere 
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there than here. Saturn's Near is almoſt equal to 
thirty of our Years: But it is uncertain what 
roportion @ Day in Saturn bears to our Day; 
— the Period of Satrurn's Revolution about 
his Axis is not yet known.  Hugens indeed, 
from the Diſtance and Period of his inmoſt Sa- 
tellite, and a Compariſon of them with the Di- 
ſtance and Period of the inmoſt of the Jovial- 
Satellites, thinks it very likely that the Days are 
not longer there than in Jupiter. He is of that 
Opinion becauſe he looks upon it as an un- 
doubted. Truth, that the Rotation of the Sun 
and of a Primary Planet about its Axis is the 
cauſe of the Rotation of the Primary and Se- 
condary Planets, (chat indeed it is made t= 
wards the ſame parts is certain) or at leaſt that 
the Rotation of a central Body, and the Plafiets 
2bout it depend upon the ſameraule ; therefore! 
converſly, having obſerved: the Satellites roty- 
turn xevolv d about its Axis, and nearly- 

* ſame time as Jupiter, becauſe the Pertods- 
of the Satellites. differ but very little. But if 
we conſider: that the cauſe of the Rotation of 
the Primary Planets about the Sun, or of the 
Satellites abeut à Primary: is not any Vortex, 
r any thing like it (on which Opinion the 
eſaid Argument is grounded,) but that the 
lanets re garried by a Motion, compounded 
of a projectile Motion mary, Fo right line, and 
of Gravity towards a central Body (about which 
they are moved in a free ſpace and almoſt void 
of Matter, and the Saturnian Satellites grovicgs' 
after the ſame manner towards Saturn, whether 


i; revolves or is at reſt; it is plain, that from the 


| Repydlution of the Satellites one cannot rightly: 
bed the Rotation of Saturn About its Axis, 


. e. 


— 
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much leſs the Period of that Rotation. It is 
true indeeed that it is probable that Saturn re- 
volyes about his Axis, namely, that it may 
ſometimes turn one and ſometimes another 
of its Surface to the Sun, which is the Foun- 
tain of Light, and Heat in his Syſtem: But it 
ſeems impoſſible to gather from hence the Pe- 
riod of the Rotation, theſe things being by 
che Allwiſe and Almighty Creator fitted to the 
nature of the things contained in Saturn, which 
is altogether unknown to us. If the Axis of 
Saturn be perpendicular to the Plane of Saturn's 
Ring and of the Orbit of the Satellites (as Hu- 
gens will have it) then the Situation of the Poles 
and of the Equator is the ſame in Saturn as it 
is in the Earth ; therefore the ſame Polar Star 
will ſhine upon at and the Conſtellations in fi- 
milar Latitudes rife and fall after the ſame man- 
ner. And theſe things are thus if the Situation 
of the Ring bs the fame as Hugens has laid it 
down in the Syffem of Saturn, which alſo we 
have ſuppos'd i# the Fourth Book, when we 
ſpoke of, its Phænomena: But, if it be by 
more accurate Obſervations, found to be diffe- 
rent, (as he hints in his Theory of the World) 
any one may gather the Meaſures of the fore- 
{aid Phænomena from what has been laid down 
before. The Days at Saturn are very unequal, 
and the differences of the Summer and Winter 
are very great, for they depend upon the Quan- 
tity of the Inclination of the Plane of his E- 
quator to the Plane of the Orbit of Saturn a- 
bout the Sun, which Hagen afterwards ſappo- 
ſed of 31 Degrees, almoſt a third greater 

than in the Earth, where thoſe Differences are 
very ſenſible. At * in the Latitude of 
59 Degrees the longeſt Day has no Night, nei- 
ther has the longeſt Night any Day. 2 

| ; 


——̃ —̃ — . —— —U— —L— — 
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the two frigid Zones extended abour the Poles 
(each of which is 62 Degrees broad) are tei 
times greater than the whole Surface of out 
Earth. | FE "6 x £1 
Of all the Primary Planets, the Eye poſited 
in Saturn, will be able to ſee only Jupiter, al- 
ways accompanying the Sun, and never 0 
37 Degrees diſtant from it. Reckoning thoſe 
two among his own five Compatitions, a num- 
ber of ſeven Planets is made up to an Obſerver 
in Saturn, which he diſtinguiſhes into five Moons 
and two other Planets, as wou'd be done in Ju- 
piter by the foregoing Prop.) as well for: the 
fame reaſons as alfo upon this aceoumt, that rhe 
five neareſt are mov d in the ſame Plane inelin d 
to the Plane of the Sun's apparent Way about 
Saturn in an Angle of 31 Degrees; ſo that the 
Zodiat to Saturn is more than the thi t 
Heaven in Breadth, if the Deviation of all the 
Planets from the Sun's Way be comprehended 
in it. The Phaſes of theſe Moons are ſimilar 
to thoſe of the Jovial Moons except it be that 
in Summer and Winter, when the Sun decliney 
very much to the Equator, each Moon oppos'd 
to the Sun does not with a full Orb, rei- 
ther is it quite dark when in Conjunction wich 
the Sun. For in the middle of Summer or of 
Winter, a Moon in Conjunction with the Sun 
is as far diſtant from it as our Moon is two days 
or more before or after the New Moon, and in 
oppoſition of the Sun it is as far from that ahi 


direct Oppoſition which makes a full Orb, 
our Moon is two 


as 
aff . 
Days before or after the Full 
Moon: Thoſe' Moons therefore will then have 
the ſame Phaſes as our Moon has two Days be- 
fore or after the SyZygy. Whence at thoſe Sea- 
fons of the Year of Saturn there will be — 
GLIPRL 
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clipſes of the Luminaries. ' But at the 
Qial Times Saturn will never be without Eclip- 
ſes, and thoſe of all the kinds mention d in the 
foregoing Propoſitions. 
Since the Lear in Saturn is. 
— there are alſo ſeveral ſorts of Months 
to diſtinguiſh it into parts. Of the leaſt, there 
are above 5700 in 2 Year, of thoſe immediately 
greater 3932, of the third Months above 23525 
mane cham 674 of the fourth, and 135 of the 
reatern I % IL-5. 17 2-4. 4 HB, 
" An Inhabitant-of Saturn will. eaſily compare 
the Diſtances of his Moons with his own Mea- 


longer than that 


ſures ; becauſs the Parallax of the fifth and laſt - 


Moon is greater than the Parallax of our Moon. 
But the Sun's Parallax does not exceed 9 Se- 
conds; therefore it is inſenſible, in compariſon 
with the Sun's Parallax ſeen from the Earth. 
The Ring which encompaſſes Saturn, of which 
we ſpoke in the fourth Bock, is a wonderful 
Phænomenon to an Eye in Saturn; for it is the 
only thing of that kind which is ſeen from far, 
anda h has long fince excited the the curio- 
ſity of all Philoſophers. This Ring gave occa- 
ſion: to the learned and ingenious Dr. Halley, 
n into the Cn of the 7 1 
tion of the declining magnetic Needle, to ſup- 
poſe the Globe of the Earth to be divided into 
Cruſts and concentrical Nucleus's (See Pbiloſo- 


did the ſame in the h Book, pag. 586 of his Hpit. 
to-the Copernican Aſtronomy, when from the - 
netic Direction he inveſtigated the cauſes of th 
Inequalities of the Planets. What if this Ring 
ſnou'd be the remaining part of an outward 
Cruft, fallen on the Nucleus within it, and the 
Ruins of it Kill to be ſœen? For if Saturn was 
I | * 


pbiaal Tranſact int, N** 195.) after | Kepler, wha 


— — P 
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ever of the ſame Diameter, as now his Ring is, 
it was of the fame Magnitude when ſeen from 
the Sun, as now. Jupicer's apparent Diameter 
ſeen from it. 23 . 

Since the outward Edge of Saturn's Ring 
ſtands above Saturn, at an Height which is four 


<< times and a half che Semidiameter of Saturn; 


it will not be viſible.at a diſtance from Saturn's 
Equator (in. whoſe Plane it is) greater than 64 
Degrees: Therefore a Spectator having a gteat- 
er Latitude will never ſee the Ring ; and there 
is a Zone «bout each Pole, about 53 De 
broad, altogether depriv'd of the Sight of the 
Ring. And as the Eye nearer to Saturn's 
Pole the firſt Satellite is hid, then the ſecond, 
and fo on, till the Eye at laſt being within one 
degree of the Pole, loſes ſight of the fifth alſo, 
unleſs it be by Refraction; neither will it in 
Winter ſee the Sun, any Moon, or any Planet, 
or any Celeſtial Body known to the Inhabitants 
of the Earth except the Fix'd Stars, and perhaps 
ſome Come 

The Eye in the very Equator of Saturn, or a 
Tone near it, will ſee no Stars in the Equator 
or very nearit; and therefore will never ſee any 
of the Moons, the Ring being in the Way : 
Therefore at the time of the Equinox, one 
that lives under the Equator will not ſce the 
Sun, and one that lives in another place will 
not ſee the Ring, becauſe in that caſe no Face 
of the Ring is ſhin'd upon. How broad that 
Zone is, is a difficult thing to determine, b 
Obſervations made from the Earth, beca 
the thickneſs of the Ring is ſmall ; Hugens ſup- 
poſes ic to be of 600 German Miles. It will be 
eaſy to determine it accurately from the Sur- 
face of Saturn, * 


— 
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than a Semidiameter above it. If the Eye be ſup- 


pos d plac d out of the Equator, the ſpace of the 
Heaven which contains Stars cover'd by the 
Ring will be of different Magnitude and Fi- 
gure, according to the different Situation of 
_ , THEY 1 
During half a Saturnian Year, one Face of 
the Ring is enlighten d by the Sun; whence it 
happens that thoſe who inhabit the Hemiſphere 
towards which it is turn'd, that is, who have 
Summer, fee that part of the Ring which is . 
bove the Horizon, ſhining with a faint Light 
by Day (much ſuch as we ſee the Moon ſhine 
with when the Sun alſo ſhines at the ſame time) 
if Saturn has an Atmoſphere, and that poſited 
towards that part where the Pole is depreſs d; 
but its Light is ftronger by Night, as alfo that 
of our Moon in the Sun's abſence : And from 
the Spots may be found whether it is at reſt or 
moves, and if it moves the Velocity of its Mo- 
tion. After the Sun is ſet, the Eaſtern part of 
this lucid Arch has a Shadow (namely, the Sha- 
dow of Saturn) caſt upon it, which, as the 
Night comes on, riſes by degrees till in the mid- 
dle of the Night it is got to its upper part or 
Vertex, from whence it moves-by degrees to- 
wards the Weſtern part, as the Sun tends to its 
Riſing. This Arch will always ſhew the Meri- 
dian Line, for a Plane rais'd upon the Horizon; 
going thro' the Vertex of the Arch is in the 
Meridian. \ If the diſtance of the Eye from 
the Aquator be leſs than 52 Degrees it will ſee 
the Arch of the Ring as much concave as con- 
yex; like an Arch in a Building; riſing on each 
ſide from the Horizon ; below which, namely, 
between the lucid Arch and the Horizon, he 

will fee the Heaven and the Stars, But if the 
e B̃ b b b Eye 


than 25 or 26 Degrees: But if the 8 
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Eye is farther diſtant than 52 Degrees, but leſs 
— 64, it will not a all lle the concave x 


but a lucid Body riſing as it were from the 
Ground, and contiguous to the Horizon, like 
the Morning Twilight. . 
During the other half of Saturn's Year, 
namely, when the Sun declines from the Equa- 
tor towards the inviſible Pole, that is, in Win- 
ter time, the Eye will not at all ſee the Ring, 
becauſe it is not enlighten'd on that fide which 
is*towards the Eye ; but the Ring will cover 
from the Eye part of Heaven, and the celeſtial 
Bodies contained in it, as has been ſaid before, 
and fo by that means it will become ſenſible. 
But the Shadow of the Ring becomes more and 
more extended towards the Pole, fo that the 
Eye being plac'd any where within the foreſaid 
ſpace, the Sun, when it has attain'd a certain 
Declination, will appear to be cover'd and e- 


clips d at Noon, and then immediately a- 


gain it will become viſible. The next Day the 
ſame thing happens again, but the Eclipſe be- 
gins ſooner and ends later; and this Darkneſs 
in the middle of the Day will encreaſe in 
duration, (or perhaps come to laſt a whole 
Day) till the middle of Winter, from which 
time they will again be gin to deereaſe till ac laſt 
they are quite gone (or do not happen at all in 
the Day time) when the Sun returning from 
the Tropic is come back to the ſame degree of 
Declination, which it was in when the fore- 
mention'd Darknefs began to appear. And this 
will be ſo if the Eye be in a greater Latitude 


pectator 1s 
in a leſſer Latitude, when the Meridian Dark- 
neſs is the moſt laſting, the Sun will ſuddenly 
appear juſt at Noon, and then — 

| 1 
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diſappear again, and the next Day there will 
a be ſuch an appeatance of Light, but 
omething more laſting; and fo on, the Meri- 
dian Light becoming daily more and more laft- 
ing till the middle of the Winter: And then a- 
gain by degrees it will become of leſs and lefs 
continuance, till it wh , when the 
Sun is return'd from the Winter Tropic to a de- 
clination equal to that at which the Mid-Day- 
Light began firſt to appear; at which time, on 
the ſudden the longeſt Meridian Darkneſs will 
again begin, and laſt a ſhorter and ſhorter time, 
as the Sun comes towards the Equator. And 
hence it follows, that there is a much greater 
difference between Summer and Winter on Sa- 
turn's Globe than on the Earth, as well upon 
account of the duration of each, and the Sun's 
great declination from the Equator, as upon 
account of the Meridian Darkneſs in Winter by 
reaſon of the interpoſition of the Ring which 


ProFosITION VII. 
O deſcribe the Phenomena when the Eye is ſup- 
pos d in one of the Comets: 

We refer the Comets to the Planets, 
becauſe it is in the Excentricity of their Orbits 
that they chiefly differ 'from them. An Eye 
plac'd in a Comet will find itſelf encompaſs d 
with a very great and denſe Atmoſphere, which 
encreaſes in ifs deſcent from the Aphelion, e- 
| ſpecially when it is immers d in the Region of 
the lefler Planets. This Atmoſphere is fo trou- 
bled and thick that towards its bottom it is al- 
moſt like a Chaos. It is not known whether a 
Comet revolves about itſelf, but ir is probable 
that, like all the other great Bodies of the 

: B bbb World, 
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World, it turns all its Faces towards the Sun, that 
a plentiful Vapour may be raisd from it. But 
whether this Rotation is about a 2 Axis,is dif- 
ficult to determine. If the Nucleus be turn d a- 
bout, the whole Atmoſphere (eſpecially that 
part of it which is extended towards the Regi- 
ons oppoſite to the Sun) does not revolve along 
with it, as the Atmoſphere of the Earth does: 
But that Vapour, which going out of the Co- 
met makes the Tail, is not ſo much to be look d 
upon as the Atmoſphere of the Comet join'd 
with it (as the denſer Atmoſphere of the Earth 
is join'd with it) and making part of it; as a 
ſeparate Body, all the parts of which perform 
— in a free Space, like the Comet 

it ſelf. | 

As the Way of every Comet about the Sun 
is a very excentrical Ellipſe, it is not likely that 
they are made to ſerve the ſame purpoſes in the 
| Univerſe as Planets, which are carried in Orbits 

| nearly concentric to the Sun, and which ſeem 
| deſign d for the Production of Things which are 
almoſt always to remain in the lame State; 
which Comets are by no means fit for, by rea- 
ſon of the very different Degrees of that which 
| they ſuſtain. If therefore we may give way to 
0 conjecture, it is to be believ d that the Comets 
i ſerve for the renewing of the Fluid of the Sun 
1 and Planets. For ſince the Sun continually 
loſes a great deal of its Fluid, ſent out under 
| the Form of Light; and the Fluid of the Pla- 
nets is daily chang'd into ſolid (ſcarce becoming 
Fluid again) as we fee it yearly happen in our 
Earth; itis plain either that the Sun's Forces will 
by degrees be loſt, and the Fluid of the Planets 
be conſum'd (which is very unlikely) or elſe 
W 
; ere 
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there is no way that ſeems ſo fit for it, as to 
look upon Comets (which pals thro' vaſt Spaces 
in the Fther) to be ſmall Bodies which are de- 
ſign'd in time to come co make Light, projected 
thro' thoſe Spaces, and as it were ſcatter'd and 
loſt in them, which likewiſe: by attraction (a 
Quality natural and belonging to all Bodies) 
draw to themſelves, and as it were treaſure up 
the moiſt Vapours ; that having rais'd 'em 

in Tails they may mix them with the Atmo- 
ſpheres of Planets) which was alſo the Opinion 
of Hippocrates of Chios, taken notice of by Ar;- 
feotle, in the Firſt Book of Meteors, Chap. 6.) and 
themſelves renew the Sun, the Fountain of 
Light, by falling into it. Hence will the Pri- 
mary Planets be augmented ; whence the Satel- 
lites Orbit (that is, if ſach a Planet has a Sa- 
tellite) and Period will be contracted; of which 
Phznomenon we ſpoke above in in its place ; 
and other things will 4 which we men- 
tion d when we ſpoke of Comets in the fore- 
going Bob. er | 
There may alſo ſometimes be another effect 
or uſe of a Comet. Namely, if a Comet paſ- 
fes near a Planet (its Orbit and Motion carry- 
ing it that way) it will fo attract it that its Or- 
bit will be chang'd (the Comet's Orbit being 
alſo chang'd by the mutual Action; whence the 
Planet's Period will alſo be chang'd. But the 
Comet may alſo by its attraction ſo diſturb the 
Satellite as to make it leave its Primary, and it- 
ſelf become a Primary Planet about the Sun, 
and continually move round it. Beſides it may 
produce much greater Changes in the Globe of 
the Planet it ſelf, not only by attracting the 
Fluid, if it has any, but alſo by other Qualities, 
as if, for Example, ſo vaſt a Body goes from 
R B b b b 3 the 
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the Sun's Neighbourhood, and being red hot 
is carried near out Earth. But we have ſaid 
enough of this matter, eſpecially ſince- it does 
not belong to our preſent Pur 
The Years of Comets are different, according 
to the magnitude of the greater Axes of the Or- 
bits which they deſcribe about the Sun; name- 
ly, (by the 40h and K Propoſitions of the firſt 
Book) the Lear of each comet is to our ear in a 
ſeſquiplicate ratio of the greater Axis of the Or- 
bit of the Comet to twice the mean Diſtance of 
the Sun from the Farth. The Sun's apparent 
Diameter, his Diſc, and alſo his Light and 
Heat, as well as the apparent Magnitude of the 
Planets, will be yery much chang'd in a Comet. 
Beſides, the Obſerver in a Comet will find the 
motions of the Planets to be very different ; 
accordingly when immers d in their Regions, 
he has them ſometimes all Superior to him, 
ſometimes ſome Inferior and ſome Superior; 
or being rais'd out of thoſe Regions he ſees all 
the Planets below him ; all which things may, 
from what has been ſaid before, be defin'd in 
a Comet whoſe Orbit is given. As for Exam- 
le: If a Comet in its Aphelium aſcends to a 
Diſtance from the Sun fix times greater than 
the Diſtance of Saturn, which will happen, if 
the Period of the Comet be equal to about 159 
of our Years (ſuppoſing that in the Perihelium 
it comes extreamly near, as it happens in ſome 
of them) then all the Planets upon account of 
their nearneſs to the Sun, will then become in- 
viſible to an Eye plac'd in a Comet; for Saturn 
himſelf will ſcarce be 10 Degrees diſtant who 
the Sun, and the Sun's Diamerer will be equal 
to half a Minute. But to an Eye in a Comet 
whoſe Period is much greater, the Planets are 
l r | inviſible 


Book VI. of AS TRO NOM. 855 


inviſible all the while that the Comet is in the 
upper of its Orbit, which is for the 
part of its Year ; for the Velocity of the Comec 
towards the Aphelium is very {mall in reſpe& 
of that which it has when it is at, or near, the 
Perihelium. If the Period of the Comet be too 

t; that is, if the Diftance of the Comet 
the Sun in its Aphelium does often con- 
tain the diſtance of Saturn, perhaps the Order 
of the Fix d Stars ſeen from ſuch a Comet will 
be very different in different Places of its Jour- 
ney : But yet I hardly think this difference to 
be very ſenſible, but rather that the Orbits even 
of the ontermoſt Comets are very ſmall when 
compar'd to the diſtance of the Sun from the 
Fix'd Stars. COROLLARY. 

Hence it that the Syſtem of the Cir- 
cumſolar Planets ſeen from a Fix'd Star wou'd 
become almoſt inviſible, and confounded with 
the Sun in the ſame Lucid Point, whofe Dia- 
meter wou'd become infenſible, if it be ſeen di- 
ſtinctly, and free from that Hairineſs or thoſe 
Rays which the Fix d Stars appear to have to the 
naked Eye. For ſince all the Planets cannot 
be ſeen a Comet in its Aphelium, by rea- 
ſon of their nearneſs to the Sun; how much 
more wou'd they become inviſible from ſo great 
a diſtance as that of the Fix d Stars? For ſup- 
poſing the Parallax of the Magnus Orbis (or the 
Semidiameter of the Magnus Orbis ſeen from a 
Fix'd Star) to be equal to the Parallax of the 
Sun ſeen from the Earth (neither have we any 
Obſervations which ſhew it to be greater) the 
Sun's Diameter will at a Fix'd Star ſcarce ſub- 
tend an Angle of five third Minutes, and Saturn 
will never be above above two firſt Minutes 
from the Sun. Beſides the Light which the Pla- 

| B b b b 4 nets 
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nets borrow by reflecting the Sun's Rays will be 
alcogether unable to affect ſuch a Sight as ours 
at that immenſe. diſtance ; and tho it were 
ſtrong enough to affect it, the Sun's Species 
wou'd appear to extend itſelf into a Semidia- 
meter equal to that of the Syſtem, as it happens 
to all lucid Bodies, and eſpecially to the Fix'd 
Stars ſeen from the Earth; whence they wou' d 
all,as it were,fall in with the lucid Body. There- 
fore, on the other hand, the'Planets which re- 
volye about ſuch Suns (namely the Fix'd Stars) 
do altogether 'efcape our Sight. There is no 
doubt, but that, to an Eye plac'd in any Fix'd 
Star, or Planet revolving about it, the Order of 
the other Fix'd Stars and the Figures of the 
Conſtellations wound be quite different from 
thoſe. that we ſee; eſpecially ſince our ' Sun 
wou'd in that caſe appear as one of the Fix'd 
Stars. | « 1 0 , $ 3 14 

Now this immenſe Diſtance of the Fix d Stars 
or Suns from each other, hinders thoſe vaſt Bodies, 
andthePlanets(very ſmallif compar'd with them) 
whichare carried about thoſe Suns from ſenſibly 
exerting their attractive Forces on each other, 
and diſturbing each others motions. The indefinite 
number of thoſe Syſtems, included in no Space, 
is the reaſon why they don't run into one, but 
being ſeparated from one another, will for ever 
ſtand in the Univerſe as marks of the Power 
and Wiſdom of their Almighty Creator. 


PROPOSITION VIII. 


T Q deſcribe the chief Phænomena of the Fix d 
| Stars, of the Sun, and of all the Planets, ex- 
cept the Earth, as they wou'd appear to an Eye in the 


* 


foow. ' * 
Since the Maon (as was ſaid in Prop. 56. B. 4.) 
JJ WE os 
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turns round itſelf from m Weſt to Eaſt, about 
an Axis nearly perpendicular to the Plane of 
the Ecliptic and always parallel to itſelf, equal- 

ly and in the fame time that the Moon revolves 
about the Eafth, that is, in a Periodical Month; 
it is plain that to an Eye plac'd in its Surface, 
the Sun, the Fix'd Stars, and all the other things 
which are joyn d to the Moon (that is all the 
Planets except the Earth) will ſeem nearly to re- 
volve on the Poles of the Ecliptic from Eaſt to 
Weſt. And thoſe Poles are remarkable by Fix'd 
Stars; for the Northern one has a Star of the 
fourth Magnitude after the third Flexure of the 
Dragon, about 3 Degrees diſtant from the Pole; 
and the Southern Pole has near it four Stars of 
the Fiſh X:phias, one of which is nearer the Pole 
than our Arctic Polar Star, but yet more re- 
markable by a Nebulons Star near it. And then 
alſo, as it happens with us, the Stars are all 
carried at the fame time by the common mo- 
tion, except that their Proper motions (whe- 
ther true or apparent) do a little alter the caſe. 
And firſt, the Sun's apparent Revolution about 
the Moon, which is at reſt, as to ſenſe, is per- 
form'd in a longer time, becauſe the Moon is 
at the ſame time together with the Earth, car- 
ried about the Sun in conſequentia; ſo that the 
Moon's natural Day is of the fame duration as 
our Synodical Month, which almoſt exceeds by 
by two and a half of our Days, the before de- 
ſcrib'd Revolution of the ſaid Lunar Meridian 
in reſpect to the ſame Fix'd Star. Whence to 
an Obſerver in the Moon the Sun only riſes 
twelve times in a Year, but the Fix'd Stars thir- 
teen times; or more accurately, in nineteenYears 
the Sun riſes two hundred and thirty five times 
but the Fix'd Stars two hundred and fifty four 
OT © rims; 


So. — — 
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times: And the riſing Sun is almoſt a whole 
Er under than before. Nga 
This natural Day of the Inhabitants of the 
Moon, is equally divided into Light and 
Darkneſs, becauſe the Axis about which 
che Moon — is almoſt perpendicular 
to the plane of the Moon's Way about the 
Sun ; and therefore there is no Twilight at the 
Moon before the Sun's riſing, or after its ſet- 
ting; becauſe ſuch a thing can't happen unleſs 
chere was an Atmoſphere about the Moon, (as 
has been ſhewn in the 8th Prop. of the 24 Book.) 
Whenceto theMoon's Inhabitants the Sun ſeems 
to move in a Circle between the Poles of the 


firſt Motion. 
, ſeen from the Moon a- 


Altho' the Suns Way 
mong the Fix'd Sinn. bo tn fame as its 
Way ſeen from the Earth, and the Places of the 
Planets are near] the ſame ſeen fromthe Moon 
as from the yet when the Moon is not 
in the Nodes, a nice ' Obſerver will ſee the Sun 
deviate from the Ecli 10 1 — the contrary 
ſide, and extend its beyond the Pole of 
the Moon, which is — red toward which 
it declines, leaving the other Pole in Darkneſs. 
75 all theſe things are ſet right again in half a 
Lunar Day, w gy Moon returns to its 
Node and the Plane of the Ecliptic, in order to 
o to the other ſide of the Ecliptic, and to under 
o the ſame Phænomena towards the other Pole 
= the remaining part of the Day. 

Beſides all the inequalities in 4 Planets Mo- 
tions ſeen from the Earth, which muſt obtain 
in the Moon as well as the Earth, becauſe it is 
carried along with it; there are others peculiar 
to the Moon, the chief of which are theſe. 
When it is s day to the Inhabitants of the * 
of 
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of that Hemiſphere of the Moon which is turn d 
from the Earth, the Sun appears to go ſlowly 
under the Fix d Stars; and very ſlowly at the 
point of Noon; but the next day it will be found 
to have gone faſter under the Fix d Stars in the 
Night time. And on the contrar to an Obſer- 
ver in the middle of that Hemiſphere of the 
Moon which is toward the Earth, the Sun will 
appear by Day to move ſwiftly under the Fix d 
Stars towards the Eaſt, and very ſwift at Noon: 
But at Night the Sun goes very flowly under 
the Fix'd 2 and ſloweſt of all at Midnight, 
The ſame things are alſo true of Venus and Mer- 
eury, becauſe they are always near the Sun ; 
and alſo of Mars when it is in conjunction with 
the Sun, tho ,thoſe things are leſs remarkable 
then, upon account of its great Diſtance 
from the Moon at that time; but they are 
inſenſible in Jupiter and Saturn when their 
2 is toward the Sun. If any one of the 
ſuperior Planets ſeen from the Moon be in op- 
poſition to the Sun, in which caſe it is retro- 
grade, it will appear to an Inhabitant in the 
middle 23 8 1 from the 
Earth, to be more retrograde than ordinary by 
Night, but leſs by Day; and leaſt of all, or moſt 
of I at Noon or juſt at Midnight. So 
likewiſe an Obſerver living in that part of the 
Moon which the Earth ſeems to hang over, will 
fon a Planet in oppoſition to the Sun to be the 

eaſt retrograde of all at Midnight, and moft of 
all at Noon. And theſe things in Mars are twice 
more ſenſible than in the — But in Jupiter 
and Saturn theſe Differences almoſt vaniſh. 
Likewiſe, if any Planet which from the Earth 
appears ſtationary, appears to be in oppoſition 
to the Earth in reſpect to the Moon, it will be 
i ER retro- 
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trograde; but direct when in conjunction with 
the Earth, which will be very ſenſible in Ve- 
nus. 

An Aſtronomer plac'd in the Moon, and igno- 
rant of the motion of its Habitation about the 
Earth, or the motion of the Earth about the Sun, 
for making good the Theory of every Planet, 
will to all the Epicycles invented by a Terre- 
ſtrial Aſtronomer ſuperadd a new Epicycle, or 
Epicyclo-Epicycle, to explain the abovemen- 
tion'd inequalities. As for Example : To the Ex- 
centric of the Sun deſcribd about the Earth 
made uſe of by an Inhabitant of the Earth, (for 
an Inhabitant of the Earth that admits an Ex- 
centric, does not want an Epicycle for explain- 
ing the Sun's motion) will add over and above 
an Epicycle, and will ſuppoſe that the Sun is 
carried round in it in the ſpace of one of the 
Lunar Days, whilft at the ſame time the center 
of the Epicycle is carried in the Excentric by 
the Annual Motion : Thus will the Suns diur- 
nal Inequality obſerv'd by a Lunar Aſtronomer 
be explain'd, if whilſt it is Night with the Lu- 
nar Inhabitant which is directly under the Earth, 
he ſuppoſes the Sun to be in the lower prrt of 
the Epicycle, and in the upper part of it whilſt 
it is Day with him. So alſo to the excentric 
of Mars about the Earth and its Epicycle con- 
triv d by a Terreſtrial Aſtronomer, by which 
the motion of Mars ſeen from the Earth (ſup- 
pos'd at reſt) is explain'd, he will ſuperadd a- 
nother Epicycle carried in the circumference of 
che firſt, which Mars will be imagin'd to go 
thro' in the ſpace of a Nychthemeron or Natural 
Day. And this is the only way that our Lunar 
Aſtronomer can ſettle his Aſtronomy, if he be 
ignorant of the motion of his Habitation, * af- 
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ſerts ĩt is at reſt: Namely by transferring the Circle 
which is really deſcrib'd by himſelf and his Ha- 
bitation in the Heavens, and ſuppoſing the Mo- 
tion to be made in it in the ſame time and in an 
inverted Order; and retaining its true Magni- 
tude, if the true Diſtance is known; but if it 
is not (and there are no means to find it out in 
that ſuppoſition of the Moon at reſt) at leaſt 
the Epicycle is ſuppos'd of ſuch a Magnitude, 
that it may from the Obſerver's Place appear of 
the ſame Magnitude as the true Orbit of the 
ſaid Place wou'd appear at the ſame diſtance. 
If the Inhabitant of the Moon's Hemiſphere 
which the Earth hangs over, be ſuppos'd to 
know the motion of his Habitation about the 
Earth, and of the Earth about the Sun, and ca- 
pable of making Obſervations as accurately as 
we make them on Earth ; he will be able ex- 
actly enough to compare the Magnitudes and 
Diſtances of the Sun and the Planets of the Solar 
Syſtem with ſuch Magnitudes and Diſtances as 
are familiar to him. For he may meaſure the 
Diameter of his Habitation after the ſame man- 
ner as we do that of our Earth. Moreover, he 
will eaſily compare the Diſtance of the Earth 
with the Moon's Diameter ; for the Moon's Di- 
ameter ſubtends an Angle ſenſible enough at the 
Earth, namely an Angle of half a Degree : And 
he will make uſe of the Diameter of his Orbit 
as a Scale to find the Diſtances of the other 
Bodies of the World. For that ſubtends an 
Angle at the Sun of the third part of a Degree, 
ſuppoſing that the Sun's Parallax ſeen from the 
Earth is only 10” ; but ariſes to almoſt half a 
Degree at Mars when ir is in oppoſition with 
the Sun, and at Venus in conjunction with the 
Sun, and retrograde exceeds a fifth and a half 
| RE - + 
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of a Degree. Moreover, an Inhabitant of the 
Moon will after the ſame manner find out the 
Ratios between the Diftances of the Primary 
Planets from the Sun, as an Inhabitant of the 
Earth does ; but knowing the Diftances, he will 
eaſily find their Magnicudes from their apparent 
Diameters. | 


PxoPOsITION IX. 
T O deſcribe the chief Phenomena in the Earth 
| ſeen by an eye in the Moon. 
There are in the Moon two Hemiſpheres al- 
ether different, nay, even contrary, in re- 
ſpect of the Phænomena, of which we are to 
he k in this Propofition. For they conſtantly 
Go he Earth in one Hemiſphere of the Moon, 
and never in the other; unlefs that near the Li- 
mits of them there is a Tra& to whoſe Inha- 
birants the Earth ſometimes riſes a little above 
the Horizon, and ſometimes going back as it 
were ſubſides again under it. In the Hemiſphere 
from which the Earth is ſeen, it appears as it 
were nail'd up,in the ſame point of the Heavens 
(except that it ap to move fromthence a lit- 
tle towards one fide or the t other, and then to 
return by a libratory Motion) whilſt, in the mean 
time, in the ſpace of a Natural Day, the Sun 
and the other Celeſtial Bodies move towards it 
from the Eaſt, to go afrerwards from it towards 
the Weſt. And a Star coming to the Earth 
hanging in the Æther, is not extinguiſh'd ſud- 
denly, but by little and little is cover d 
with a Mift and at laſt getting behind the Earth, 
ceaſes to be ſeen by a Lunar Obſerver; which 
is occaſion'd by the Armoſphere about the Earth, 
by which the Rays going from a Star to the Eye 
are almoſt choak d up. Moreover, to ſome W 
t 
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the Inhabitants of the ſaid Lunar Hemi; 
the Earth a continually to be fix d directiy 
over their Heads; and that is to ſuch of them 


as live in the very middle of the ſaid Hemi- 


ſphere: But to ſome of them it appears to de- 


ine towards the North, to others towards the 
South, to ſome towards the Eaſt, and to others 
towards the Weſt, more or lefs, according, as 
their Habitation is nearer to or farther from the 
ſaid middle or ſome fide or other of it; till at 
laſt, to the Inhabitants of the foreſaid Limits 
which divide the Moon's two Hemiſpheres, the 
Earth will appear to be in the Horizon, one 
half of it ſtanding up like a Flaming Moun- 
tain : But they that dwell in a Circle of the 
Moon, which goes thro' the middle of the faid 
Hemiſphere and the Poles, haye always the 
Earth in the Meridian. - 
They that obſerve the Earth ſee its Orb fifteen 
times greater than we ſee the Moon, at reſt in 
ies place, but all the while curning about its 
Axis, and appearing to carry irs Spots (which 
they will in a rude manner diſtribute into ſome 
Figures, after the manner that the common 
People ſuppoſe a thing like a Man's Face in the 
Orb of the Moon) from Eaſt to Weſt, and then 
return to its firſt Situation, in about the twenty- 
ninth part of a lunar Natural Day. Kepler from 
that Rotation of it ſuppoſes, in his Lanar Aſtronomy, 
that the Lunar Aſtronomers call the Earth Volva, 
(Whirler) and the Moon fuppos'd fix d Veſta, as 
never to be mov d from its Place, and that they 
look upon our Globe, which they ſee hanging 
in the Ether, as a Celeſtial Body, which there- 
fore they muſt not call by the Name of Earth 
Therefore he calls the Inhabicants of that He- 


miſphere under this Polve, Sub volvæ and Subvel- 


aun, 
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wvani, and the others which are deprivd of the 
ſight of it, Privolve ; which Names I ſhall al- 
ſo make uſe of hereafter. Beſides the ſaid Re- 
volution of the Yolva, there is alſo as it were 
another nodding Motion of it, by which ſome- 
times it ſhews the Lunarians its Northern, and 
ſometimes its Southern Pole, and that in the 
ſpace of one Day. For when by the Firſt Mo- 
tion, or Motion of the Primum Mobile, Sagitta- 
rius's Bow comes towards the Yolva, the Luna- 
rians (eſpecially thoſe which are at the North) 
will ſee the Northern Pole of the Volva, and the 
Spots and brighter parts about ir, which for 
ſome Revolutions of the Volva will not retire 
behind it, when at the ſame time thoſe that are 
about the Southern Pole do not offer themſelves 
to ſight : After half a Nychthemeron is over, and 
that Caſtor is come to the Velva, the Northern 
Spots of the Volva will be hid, and the Southern 
ones will come in view. | 5s 
The Lunarians ſee this Volva encreaſe or de- 
| creaſe in the fame manner, with the ſame Pha- 
| ſes, and for the ſame reaſons as our Moon; but 
the ſame Period of Phaſes which we call a 
Month, they call a Natural Day. They that 
ſee the Volva in their Meridian have the New- 
Volva or New-Earth at Noon, the Firft Quarter 
at Night, the Full olva at Midnight, and the 
laſt Quarter in the Morning. They that dwell 
under any other Meridian at a — — from 
the foreſaid Meridian (which is the principal 
one, and, upon account of its Situation, may 
according to Kepler, be ſuppos d to be call'd, 
þ Circulus Medi vol uanus, by the Lunarians) towards 
| the Eaſt or Weſt, have the Moment of each 
| Puhaſis at a different Hour according to the di- 
4 ſtance of their Meridian from the Medivolvan 
| yy Circle; 
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Circle, and the number of Hours into which 
they divide their Day; therefore the Phaſes of 
the Volva denote the Hours, which alſo is done 
by the diſtance of the Sun from the Volva ob- 
ſervd by Day. Whence the Volva ſerves for a 
Dial to all the Subvolvaxi : For by the diverſity 
of its Phaſes, by the approach of the Sun ot 
Fix'd Stars towards it, by the name of the Pole 
that it ſhews, and laſtly; by the ſwift Motion 
of the Spots; (for the remarkable parts of the 
Volva, our Mountains, Lakes, Iflands, Seas, 
Cc. even tho' they are not immediately ſhin'd 
upon by the Sun, become viſible, eſpecially be- 
fore and after the New-Volva, as the Moon's 
parts to us before and after the New-Moon, 
tho', ceteris paribus, not ſo diſtinctly, becauſe the 
Moon being a leſs Body, muſt reflect leſs Light 
to the Earth, than the Earth, which is a greater 
Body, does to the Moon ;) it divides the Day 
and Night (which are indeed "oy long) into a 
ſufficient number of parts. This Yolva alſo 
does ſhew the parts of the Year diſtinctly e- 
nough in the following manner: Since in Sum- 
mer-time to the Inhabitants of Europe the Arie 
Pole points towards the Sun, and the whole 
Arctic frozen Zone is enlighten'd by the Sun 
for ſeveral Days, and that our Earth is the Yo/- 
va of the Lunarians, whoſe Arctic Pole, and a 
t Region about it, is enlighten'd during 
ome part of every Nychthemeron ; it is plain that 
when a great Region of the Volva lying about 
its Arctic Pole appears enlighten'd to a Lunarian, 
the Sun will be ſeen from the Moon at the 
Conſtellation of Gemini, and that will be the 


time of the Year which an Inhabitant of the | 
Northern Hemiſphere of the Earth calls Sum- 


mer, and in that caſe the Lunarians will clearly 
eee. | ſee 


Dr 
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ſee the dry Land and Seas about the North Pole, 
which are yet undiſcoverd by us. After a 
quarter of a Year our Lunar Gbſerver will ſee 
the Light terminated at each Pole of the Volva; 
a quarter of a Year after that, he will fee the 
Regions about the South Pole of the Earth, 
which are altogether unknown to us, enligh- 
ten d by the Sun; and after another Quarter the 
Light will again reach each Pole. He will alſo 
diſtinguiſh the Seaſons of the Year according 
to the different brightneſs of Scandinavia and 
Scythia, for eggpmple, as being greater, ceteris 
paribus, in Winter, when it is cover d with Snow, 
than in Summer: And this difference of Bright- 
neſs will be more viſible in that Sea which is 
near the Pole of the Volva; becauſe in our Sum- 
mer it looks like a Spot, and in Winter it is as 
bright as the moſt ſhining parts. TROP 
The Lunarians have Eclipſes of the Sun and 
of the Volva, as the Inhabitants of the Earth 
ſee Eclipſes of the Sun and Moon, and at the 
ſame time, but with ſome difference. For as to 
us an Eclipſe of che Moon happens at che time 
of the Full- Moon, ſo to them an Eclipſe of the 
Volva happens at the time of the Full- Vu; 
and as the Sun appears to us to be in an Eclipfe 
at the time of the Ne- Moon, it appears fo to 
them at the time of the New-Velve : But tho 
to the Inhabitants of the Earth the whole Moon 
appears Eclips'd, the Lunarians never have a to- 
tal Eclipſe of the Yolva ; for they ſee a certain 
reddiſh Spot paſs from Eaſt to Weſt gver the 
Diſc of the Volva, making more haſte than its 
native Spots, and ſometimes going aver the 
Center of the Diſc, when it is four Houts in go- 
ing over; ottner beſide it, when the appearance 
„ [ 
Their 
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Their ſolar Eelipſe is caus d 2 Vol 
juſt as Our ſolar Roti 1 by dd Moon ;. nk 
when we have an Eclipſe of the Mon Moon, the 
Sun is totally Eclips'd to the Lunarians that in- 


habit the darken'd part of the Moon : But ic 


often happens that an Inhabitant of the Moon 


(ſpecially one that dwells near the Limits of the 
Sub volvæ and Pri volvæ) ſees a partial Eclipſe of 
the Sun, when the Moon appears to us witi 
: 1 Orb, the Earth's Penumbra not ſenſibly 
the Moon's Ligtit. And it like- 
wiſe happens, that to a Sn Trac of = 
Sun ap to 2 partial Eclipſe 
n 
ceive the Volva to be Eclips d at all: But w a 
we have a total Eclipſe of the Moon, the Sun is 
wholly Ecli 'd to all the Lunarians. Since the 
Did of the Vu is four times grea ter than 
the Sun's Diameter, the Sun will be fully hidden 
by the Volva, and that for a long time, which 
ot happen to us by the interpoſition of the 
oon; nay, the Sun's Ecliple may be total 
and when it is not Central. The Inha- 
bitant of the Lunar Hemi over which 
the Felva hangs, ſees frequenter Eclipſes of the 
Luminaries than the Inhabitants of a given He- 
miſphere of our Earth; for the Subwolvans A- 
lone ſee all the Fre 


* the Pri vol vans none, 
ſince a great the Eclipſes ſeen by the 
ea the Earth, — to the oppo- 
ſite Hemiffhere. The before-defcrib'd total E- 
clipſe of the Sun, tho it happens often to the 
Lunarians, cannot but be very remarkable; for 
that is the only time that the Subvolvans are al- 
together depriv'd of Light : For it has been 
nen before, that the Medi vol vans, or thoſe 
who are in 2 part of the Moon which is 

directly * the Earth, have the firſt Quar- 
8 Cccez ter 
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ter of the Volva at Sun- ſet, and the laſt Quar- 
ter at Sun-riſe; whence the Volva ſhining all 
Night is to them fifteen times greater than 
our Moon, and powerfully diſpels the Dark- 
neſs. But in the total Eclipſe of the Sun, both 
the Sun and the Volva are extinguiſh'd at the 
ſame time, and all is dark. But this Inconve- 
niency has its Remedies; for the Sun's Rays, 
being refracted by the Atmoſphere which is a- 
bout the Volva, make the Body of the Sun ap- 
pear enlarg'd, and as it were of a greater Dia- 
meter, but at the edges, (which only are ſeen) 
of an Iron-colour, to thoſe Inhabitants of the 
Moon which receive thoſe refracted Rays; for 
which reaſon there is hardly a total Darknefs, 
except when the Sun's Eclipſe is nearly central, 
and that only for a little time about the mid- 
dle of the Eclipſe. But if it happens that a 
very high Mountain ſtanding almoſt out of the 
Atmoſphere of the Volva, is in the edge of it; 
he on whom the Shadow of that Mountain falls, 
will wholly loſe the Sun's Light, and not enjoy 
the benefit of the refraction of the ſolar Rays 
made at the Atmoſphere of the Volua : And he 
that from a great diſtance fees the Shadow of 
the Volva receiv'd on the Moon's Diſc, will per- 
ceive a very black Spot in that place. On the 
other hand, there is here no diminution of the 
Darkneſs in a ſolar Eclipſe upon account of the 
illumination of the Spectator's Atmoſphere, be- 
cauſe he has none. | 
Moreover, at the time of the Sun's Eclipſe, 
the Light that ends in a point extended along 
the Eclipric from each ſide of the Sun (of 
which we ſpoke in the Schol. of Prop. 8. B. 2.) 
will be clearly ſeen by a Lunarian, if there be 
at that time a heap of ſmall Bodies in the ſhape 
of a Lens to produge it; nay, that light 1 
| alſo 


Book VI. of ASTRONOMY. 369 
alſo be ſeen when there is no Eclipſe, if the Sun 
be cover d from the Eye by the interpoſition of 
ſome opake Body ; for the Eye in the Moon is 
not affected by the Rays which are reflected 
from the ambient enlighten d Atmoſphere, be- 
cauſe the Moon has no Atmoſphere about it; 
which is likely from obſerving that it is fo even- 
ly circumſcrib d, and not vaniſhing at the Edges 
as if it had Down upon them; and becauſo the 
Stars near its Limb are not at all darkned, but 
vivid and ſhining till they are wholly hidden. 
By reaſon of that want of an Atmoſphere, the 
Lunarians will have no Twilight before the riſe 
of the Sun(except the ſhining of the Solar Atmo- 
ſphere) or after its ſetting ; becauſe the canſe 
which occaſions it upon Earth ceaſes here : 
Moreover, the Celeſtial Bodies will have no 
refractions, and therefore no change of Place 
upon that account. 
We have hitherto ſuppos'd that to the Luna- 
rians the Volva is unmov'd in the Heaven, be- 
cauſe for the moſt part it it is really fo : But it 
has a certain libratory motion, by which it ap- 
pears to any Lunarian ſometimes to move a lit- 
tle towards one ſide, then to return to the ſame 
Place, and afzerwards to move to the other ſide. 
But this libratory motion of the Volva is eaſily 
divided into two: For either the Volva appears 
to librate towards the South and North upon 
the ſame Circle of Latitude ; or towards the 
Eaſt and Weſt upon the Ecliptic. Let us ſup- 
poſe the Sun and the Volva to be in a central 
Conjunction when the Sun is ſeen in the Eclip- 
tic it ſelf, or that a right line joining the Cen- 
ters of the Sun and Volva goes thro the Moon; 
that is, that to the Inhabirants of the Earth the 
Moon is in oppoſition to the Sun when in one 
R Cccc 3 of 
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of the Nodes; as for Example, the deſcendi 
Node; in whick caſe the Sun is centrally 

clips d to the Lunarians, as has been before ex- 
plain d. Aſter the Eclipſe the Sun is by the 
Common Motion carried to the Weſt, whilſt 
at the ſame time the Volva will ſeem to decline 
towards the North, and this declination will be 
greateſt of all afeer # quarter of the Lunar Nych- 
themmron, namely of 5 Degrees, when the Polar 


Region of the Privolvam becomes viſible to the 
Volva five Degrees beyond the North Pole, and 


an equal Region of the Subvofoans at the 
South Pole is redac'd to the State of the Privel- 


vans, from which time the Fol- returning 


back upon its Steps comes again to the Eclip- 
ric, in a ſpace ſomethin leſs chan half of che 
Lunar Nychthemeron. erwards it will run 


out as far towards the South, and make the 
Lunarians of the South Pole from Privolvans 
to become Sub vol vans, and fo contrarily to- 
wards the North; and before the whole Nych- 
themeron be over, it will return a ſecond time to 
the Ecliptic. This whole Libration of the 
Volva to the North and to the South, is per- 
form'd in a ſpace of time not only leſs than 
the. Nychrbemeron, but alſo leſs than that in 
which the Fix d Stars which have left any 
Lunar Meridian are by the firſt motion 
brought to it again; and the Volvs being the 
ſecond time return d to the Ecliptic, will be 
found in conjunction with more Weſterly Fix'd 
Stars, than thoſe with which it was in conjuncti- 
on at the time of the Sun's Eclipſe, from which 
we begun to reckon. After another whole Li- 
bration of this kind is finiſh'd, it will be in 
Conjunction with Fix'd Stars that are yet 
more Weſterly, and fo on; ſo that it will be 
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nineteen Years before the Yolva be found again 
in the Ecliptic, in Conjunction with the fame 
Fix d Stars, juſt as it is about to decline North- 
ward, From "the different magnitude of the 
Period of the libration of the Yohuggin Latitude 
and of the Njchthemeron, it happens, that when 
half a Nychrhimeron is elaps'd after the Sun's cen- 
tral Eclipſe, the Luminaries will have no 'E- 
clipſe of the Volva. For the Sun being come 
to the Oppoſition with the Yolva (that is in the 
Pleni volvium or Full-Vlva, in which alone ſuch 
an mane may happen) the Vo having juſt 
paſs d the Ecliptic (for it was come to it a lit- 
tle before the Sun was in Oppoſition with the 
Yolva} will be got ſo far Southward by its Libra- 
tion as to eſcape the Moon's ſhadow. An In- 
habitant of the Volva will indeed ſee the Sun's 
Eclipſe at tllat time if he lives towards the North 
Pole of it, but not total; in which caſe alone 
the Voboa appears to a Lunarian to have an E- 
clipſe. Likewiſe in the following Novi velvium 
or New-Yoboa, tho centrally ecliptical, the 
Moon will eſcape the ſhadow of the Yolva. 
Thoſe Lunarians which are nice Obſervers, 
will ſometimes ſee the Yolva bigger and ſome- 
times leſſer, and that whole variety is gone 
thro' nearly in the ſpace of a Lunar natural 
Day; but more accurately in the ſpace that the 
Fix'd Stars take up to rerurn to the ſame Meri- 
dian. Let us ſuppoſe that to a Lunarian the 
Volva appears to have the leaſt Diameter when 
it is ſeen in the ſaid Circle of Latitude on which 
it has its North and South Libration. The Di- 
ameter of the Volva being by degrees encreas d, 
the Volva itſelf will deviate from the ſaid Cir- 
cle towards the Weſt during almoſt a quarter of 
the natural Day, and return td it the next quar- 
* x Ccccas | ter, 
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ter, and then the Diameter of the Volva will 
appear the greateſt ; and then from that Place 
it will again deviate towards the Eaſt, and its 
Diameter will grow leſs, and it will perform 
one entire Libration by returning to the Eclip- 
tic (at which time its Diameter will again be 
leaſt of all) in one Revolution of the Fix d 
Stars, This Deviation, when greateſt, will be 
of about 5 Degrees; and juſt ſo much will the 
Circle which divides the Subvolvan from the 
Privolvans be carried ſometimes in the Weſt 
leaving the Eaſt, ſometimes in the Eaſt leaving 
the Weſt, as by the former Libration it was 
carried to the North or to the South. And 
the Volva, after having perform'd one whole 
Libration in Longitude of this kind, returning 
to its firſt Circle of Latitude, namely the Mean 
between between the Extremes of its Libration, 
(during which time from appearing . leaſt, it 
gradually encreaſes till it appears biggeſt, and 
returns again to its appearance) will ap- 
pear in Conjunction with more Eaſterly Fix d 
Stars than thoſe with which it was in Conjun- 
ion before when it was in the ſame Circle of 
Latitude: And again after the next Libration, 
to Stars ſtill more Eaſterly; and ſo on, till after 
almoſt nine Years the Volva appears both leaſt 
and in conjunction with the ſame Fix'd Stars, 
and in its proper Circle of Latitude, ready to 
go from it by librating towards the Weſt. But 
neither of theſe Librations is found to be always 
equal to itſelf, but the Libration in Latitude is 
the greateſt on thoſe Days which are near to 
the Eclipſe of either of the Lumiparies; and 
leaſt on thoſe Days which are the moſt remote 
from: the Eclipſes : and the Libration in Lon- 
 gituds is greatelt of all when the FVolva * the 
n 


— 


— 


Sun's S appears greateſt or leaſt ; but leaft 
of all 3 Volva in the Sun's Quadrature 


appears greateſt or leaſt. 


ProPOSITION X. 
O determine the principal Pbænomena that 
wou'd appear to an Eye plac d in ſome one of 
the Satellites of Jupiter or Satun. 

The Phznomena of the Sun and of the other 
Primary Planets, e that to which the Sa- 
tellite belongs, when ſeen from a Satellite of 
Jupiter or Saturn, will be like or ſimilar to their 
Phznomena ſeen from our Moon, if thoſe Sa- 
tellices are like it turn'd about their own Axes; 
namely each of them upon an Axis almoſt per- 
pendicular to the Planeof the Orbit of his Pri- 
mary about the Sun,andina Period equal to the 
Period of the ſaid Satellites about its Primary, 
as it is very likely. In the mean time we muſt 
obſerve, that tho' from Jupiter we can ſee no 
Primary Planet beſides Saturn, and from Saturn 
none but Jupiter ; yet from ſome of the Satel- 
lites of Jupiter or Saturn they * all be ſeen. 
For we ſaid that Mars and the Planet below 
Mars cou'd not be ſeen from Jupiter for this 
reaſon, vix. Becauſe we ſuppos d Jupiter to 
have an Atmoſphere, which being enlighten'd 
by the Sun, hinder'd ſuch Planets as were near- 
er to the Sun than 20 Degrees from being ſeen. 
But if we ſuppoſe the Satellites of thoſe Prima- 
ry Planets to be like the Satellite of the Earth, 
they will alſo be without an Atmoſphere as our 

loon is: Therefore an Eye in one of em will 
ge the Planets when they are near the Sun, un- 
leſs the Sun's ſhining Atmoſphere hinders it; 
But even Mercury ſeen from Saturn will ſome- 
times appear 3 Degrees diſtant from the 2 
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And asthe Sun's iameter from Sa ; 
is. about 90“, it is plain that Me — 
farther * the Sun than the limits of the At- 
moſphere; and then that ĩt may be ſeen by an 
Eye "that is not hinder'd by an encom g 
Atmoſphere; that is, by an Eye plac'd in' a Sa- 
tellite of Saturn, to which Mercury may yet 
(tho' but a little) appear farther diſtant from 
the Sun than to an Eye in Saturn itſelf. Mote-. 
over the Phznomena of Jupiter ſeen'from'Jtipi- 
ter's Satellite, or of Saturn ſeen from a Seele 
of Saturn, will be the ſame as the Phænot 
of our Earth ſeen from the Moon, and differ 
nothing but the meaſure of N 2 
and Librations: As for To the — 
volvans of any Satellite of Ja Jupi iter the vou 
does not appear to librate from the Ecliptic to- 
wards the North or South above 3 Degrees; 
tho the Libration in Latitude of the Vol ſeen 
from one of Saturn's Satellites is of more than 
o Degrees. But in the latter as well as in the 
ormer Satellites, there is no Libration in Lon- 
gitude, or if there is any it is not ſenſible, be- 
cauſe the Orbits of the Satellites of Jupiter and 
Saturn are nearly circular. 
The Phænomena which appear to an Obſer- 
ver in any of the ſaid Satellites, very different 
from the Phænomena which appear in 1 
Moon, are ſuch as appear from their 
nions. For if the Volvs has any Satellite near- 
er to itſelf than that in which the Eye is, that 
Satellite will never appear'in oppoſition to the 
Volva, but always near it, librated like a Pen- 
dulum, ſometimes towards the Weſt and ſome= 
times towards the Eaſt of the Volva, deſcribi 
the Arc of a great Circle, which the Volua di- 
vides into ewo equal parts ; and if there are 
more 
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more ſuch Satellites, one wilt run out into a 
lefler Arc on each fide, and the other into 
2 greater; and theſe Satellites will never Set to 
the middle S«bvelvans, #tid never riſe to the 
middle Privokyans. But thoſe which have the 
Poloa 2 little below the Horizon to the Eaſt or 
eſt, will ſes thefe Satellites Riſe in the Eaſt 
or Weſt, and go towards the Meridian, then 
go back again and ſet in the fame place. If 
the Volva has a SiteNite more remote from it 
than that in which the Eye is, it will appear to 
the Privolyvanys once in their rtatyral Day, to 
the middle Privolvans and middle Subvolvans 
i riſes and ſers very ſlowly, and when it comes 
to the Meridian, it appears to the Subvolvans 
to move faſter towards the Weſt, and to the 
Pol to move flower towards it ; from 
which it is eaſy to gueſs what ap ce the 
Inhabitants of the Satellites between both will 
have. In the meantime any one of thoſe Com- 
panions or Satellites of the Vokya, make the Sun 
to be Eclips'd, and itſelf is alſo Eclips'd, either 
when it runs into the ſhadow ofthe Volva, or into 
the ſhadow of the Satellite where the Obſerver 
is, or of an / other of the Satellites. But any one 
may eaſily find the tlie various Symptoms and 
Times of theſe Eclipſes, and ſeveral other things 
relating to this matter. * 

1 COROLLARY. 

From the ten foregoing Propoſitions it fol- 
lows that Aſtronomy is the moſt ſimple of all to 
an Eye placd in the Sun. For if the Eye be 
plac'd in its Center, the true Syſtem does not 
differ from the apparent; if it be rais'd up to 
its Surface, the Obſerver may alſo compare 
the Diſtances of the ſix Primary Planets from 


his Habitation with his own Meaſures, and 


thence 


— — 


poſſible) has ſo many helps for finding out the 


Earth. 


376 TheBLzmznts Book VI; 


thence determine both their Magnitudes, and 
that of their Satellites. But he will falſely ima- 
gine that all things are carried from Eaſt to 
Weſt ; but if he ſuppoſes that his Habitation 
moves about the ſame Axis towards the Weſt or 
contrary wiſe, this one and ſimple motion will 
—_ him from the apparent to the true Sy- 
em. 

If the Eye be ſuppos d in any one of the ſix 
hr Planets,the Aſtronomy is more complex 
and difficult to be ſettled ; becauſe (contrary to 
the Obſerver's Senſes) a double motion is to be 
attributed to his Habitation, in order to find ont 
the true Syſtem; and that theproportion that the 
Planetary Orbits bear to each other may be 
known. Mercury is the moſt unfit of any for 


Aſtronomy, becauſe he has no Satellite from 


which he may certainly conclude the opacity 
of any Celeſtial Body ; he has no inferior Pla- 
net, by which he may from the Phaſes perceive 
that ſome Planet revolves about the Sun. Mars 

d Venus want Satellites, but they have infe- 
rior Planets ; and therefore they are not ſo un- 
fir as Mercury; but lefs apt than the Earth, 
which has both Conveniencies. . Tho' Jupiter 
has a great many Satellites, yet he does not ſee 
any inferior Planer, unleſs he can diſtinguiſh 
Planets nearer the Sun than we can: Sa on 
the contrary, ſees no ſuperior Planet, and but 
one inferior one. Therefore no one of the Pri- 


mary Planets (be the caſes as much varied as 


genuine ſolar Syſtem, and from it knowing the 
Proportion of the Planetary Orbits, as the 


But 
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But the Syſtem being diſcover d, the Magni- 
tudes and Diſtances of the Planets will be very 
hard to be found out by the Inhabitants of any 
of the Primary Planets, and will not exactly 
be compar d with their common Meaſures. Ju- 
piter ſeems the fitteſt for that Work, then Ve- 
nus, then Saturn, next Mercury, and Mars is 
the unſitteſt of any: What place we muſt give 
to the Earth in this caſe is uncertain, becauſe 
the Angle at the Sun, which the Earth's Diame- 
ter ſubrends, has been hitherto found rather by 
Analogy than Obſervation. Perhaps the Mag- 
nitude of the ſolar Syſtem will in time be firſt 
diſcover'd by Obſervations of Comets: For if, 
by any of the Merhods given in the Second or 
Third Book, you can find the diſtance of a Co- 
met paſſing near the Earth, whoſe Orbit is gi- 
ven in poſition and Magnitude (from the Fifth 
Book,) you will find the Magnitude of the Or- 
dit of any Planet, or Comet, whoſe Period is 

known. _ es BE In) 
The Aſtronomy is more intricate and diffi- 
cult to an Obſerver in one of the Secondary 
Planets. ' For in order to eſtabliſh it, ſo as it 
may agree with the Phznomena, a Primum Mo- 
bile muſt be introduc'd to carry all Celeſtial 
Bodies from Eaſt to Weſt in the Space of a na- 
tural Day: But that will not be enough; for the 
Volva is not carried by that Firſt Motion altho 
it be a Celeſtial Body; and in one of Jupiter's 
or Satutn's Satellites, ſome of the Celeſtial Bo- 
dies (inferior to the Volva) are cartied round by 
the Primum Mobile, and others not. Moreover, 
for demonſtrating of the Second Motions there 
muft be Deferents, Epicycles, and Epicyclo- 
Epicycles, and the Aſtronomer will often be o- 
bliged to change them all; whence his * 
| Sky wil 
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will be very complex, and the Calculation very 
intricate. But he will with eaſe practice Gee. 
raphy and Navigation: For beſides all the 
Felps he may teceive from Geometry, and the 
ſame means 'of finding the Latitude as we 
have, he may compute the Lotigitude from the 
Meridian which is under the unmov'd Volva 
and will immediately obſerve the Diſtance of 
the Meridian of any place in the Hemiſphere 
of the Subvolvans, from the firſt Meridian; 
which can't ſo well be done in a Primary Pla- 
net, becauſe it has ing unmov'd in the Hea- 
vens to look at beſides the Poles of the Firſt 
Motion. Theſe things may very nicely be per- 
form'd in one of Jupiter's Satellites, —＋ 
them the Volva remains as it were unmov'd; leſs 
accurately of all in our Moon; to which the 
Volva does not only librate in Latitude (as it hap- 
pens to the Inhabitants of the Saturnian Moons) 
but alſo in Longitude; ſo that for finding the 
Longitude of a Lunar Place by the Obſervation 
of the Fotos, there muſt be had a Theory of the 


Libration of the Vol. Moreover, by Qbſer- 
vations made in ſeveral places of his Habitation 
at the ſame time, an er in a Satellite 


may find the diſtance of the Volva and of the o- 
ther Satellites of it, which wou'd ſcarce be 
known any other Way, (except, perhaps, from 
the different apparent Magnitude of thoſe 
Moons) and thence. deduce the Mation of the 
Moons about the Valva; and this won'd be the 
firſt Step towards finding out the true Syſtem. 
For the Variety of Phaſes, which gave occaſion 
to the Inhabicancs of the Earth to find out that 
Venus and Mercury move about the Sun, can 

be of no ſervice here. ; ; 
But at laſt if che Inhabitants of any — 
8 nows 
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knows that this Habitation moves about the 
Volva, and that the Volvg revolves about the 
Sun, he is ſituated in the. beſt place of any for 
improving Aſtronomy : For befides an accurate 
Geography very neceſfary to A omy, there 
being no Atmoſphere, no Miſts or Clouds do 
2 eden odi 97 Ds = 2 
the Ce 2 odies y 45 Well as 3 
d all the Planets, even thoſe that are near the 
Yun; cherefore, if there are any Planets below 
Mercury, which we can't ſee, he will ſee them, 
nd. encreaſe Aſtronomy ſo muck the more. 
tefides, he will obſerve the Celeſtial Bodies 
without Refraction, (becaule it is occaſion d 
an ambient Atmoſphere) and this alone does ſo 
much diſturb the Obſervations of the Inhabi- 
tants of the Earth, that the taking off ſmall 
Angles is a matter almoſt deſpair'd of. More- 
over, the Volva rotated in its place ſerves as a 
Clock for all the Subvotvens to look at, and by 
help of it the Moments of Obſervations are 
eaſily known. The Earth's Companion the 
Moon is the moſt convenient of all the Satel- 
lites for this uſe, for its apparent Aſtronomy 
(ſuch as the firſt beginnings of Aſtronomy muſt 
be every where, unleſs the true Syſtem be di- 
vinely reveal'd) will be leaſt compounded or 
perplex'd, becauſe the Earth has no other Com- 
panion; whence an Obſerver there will ſooner 
come to the knowledge of the true Syſtem: 
And tho' the Diameter of the Orbit of the 
outmoſt Satellite of Jupiter or Saturn ſubtends 
an Angle at the Sun almoſt equal to that which 


the Diameter of the Moon's Orbit fubtends, 


and ſo the diſtance of the Sun from Jupiter or 


Saturn may, by Obſervations made in theic 
ontermolt 5 


outermoſt Satellites, be almoſt as exactly defin'd, 
| as 


1 — —— — << . — 


% — 
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as its diſtance from the Earth, by Obſervations 
made in the Moon ; yet fince the diſtance of 
the Sun is known from knowing the diſtance of 
any Primary Planet, an Inhabitant of one of 
Jupiter's Satellites will, in order to this Enquiry, 
chooſe the next Pri to it ſelf, namely, 
Mars, when it is in conjunction with the Sun 
and re de; as we do Venus, when it is ſi- 
milarly poſited: But the le which the Dia- 
meter of the Moon's Orbit ſubtends at Venus, 
when it is near the Earth, is almoſt three times 
greater than the Angle which the Diameter of 
the Orbit of the outermoſt of Jupiter's Satellites 
ſubtends at Mars, when it is neareſt to Jupiter. 
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this. So that tis to * Greeks themſelves; as the 
Inventors (and r the * * 


that we oW-e ach 4 5 , and 
which is now: up d to ſuch 2 Dag But 
yet, amongſt. the Greeks, the opinion of Ari- 
fotle who wou d have Comets to be 
elſe, but Sublunary Vapours, or Airy Meteors 
prevail d ſo far, that this moſt difficult part of 
the Aſtronomical Science lay altogether neg- 
leed ; for no Body thought it worth while to 
take notice of, or write about, 


uncertain Motions. of what they eſteemed Va- 
pours floating in the Ether; whence it came to 
paſs, that nothing certain, -concerning the Mo- 


tion of LOS, can be found cranſinitred from 
them to us. 


But Seneca che Philoſophcr, 2 confider'd 
the Phænomena of two remarkable Comets of 
his time, made no ſcruple to place them a- 
mongſt the Celeſtial Bodies; N them to 
be Stars of, equal duration wich the W 18515 * - of 
he owns their Motions to be govern d 
not as then known or found” out. At Ro 


(which was no untrue or vain Prediction) he 


Foretells, that there, ſhould, be Ages ſometime 


hereafter, ſhou'd 
. 4 


yſteries, ho ſhou'd 
— a ws e . 


m, afte 
Ar er N end hem N 


whas parts of , the 
Herve the Comer wand wanders, whe fro Be 
et. 


almatt all che. 


770 bow great they * | 
onomers differ d * this opinion 7 ; e ' 


neither d Seneca himſelf e fit to, 
thoſe Phznomena of the Motion, E. wh 


was enabled to maintain his opj _— 
Tins of. thols ers BE ich a joke 


— £2 


— 
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bf uſe to poſterity, in order to the determining 
aver very many. Hiſtories - of Comets, I find 
othing at all chat can be of ſervice in this af- 

ir, before A. D. 1337. at which time Nicepbo- 
rws Gregoras, a Conſtantinopolitan Hiſtorian and 
Aſtronomer, did pretty accurately deſcribe the 
Path of a Comet amongft the Fix d Stars, but 
was too laxe as to the account of the Tims; 
ſo that this moſt doubtful and uncertain Comet, 
only deſerves to be inſerted in our Catalogue, 
for the of its appearing near four-hungr 


The next of our Cotnets was in the Year 
1472, Which being the ſwifteſt of all, and 
neareſt to the Earth, was obſerv d by Reg iomon- 
rann. This Comet (ſo fearful upon the aceount 
both of the magnitude of its Body, and the Tail) 
moy'd forty deprees of a-great circle in the 
Heavens; in the ſpace of one Day; and was the 
firſt, of which any proper obſervations are come 
down to us. But all thoſe that conſider d Co- 
mets, until the time of 7ycho Brabe (that great 
Reſtorer of Aſtronomy) beliey'd them to by 
below the Moon, and ſo took but little notice 
of them, reckoning them no other than Vapours. 
But in the Near 2597, (Hebo ſeriouſly purſu- 
ing the ſtudy of the Stars, and having gotten 
large Inſtruments for the performing Celeſtial 
menſurations, with far greater care and cer- 
tainty than the Ancients cou'd ever hope for) 
appear'd a very remarkable Comet; ta the 

obſervation of which Hebo vigorouſly applied 
himſelf; and found by many juſt and faithful 
trials, that it had no Diurnal Parallax that was 
perceptible: And "conſequently was not only 
ho Aerial vapour, but alſo much higher than 
. | D d d d 2 the 


824 A SYNors1s of the 
the Moon; nay, might be ——— fs 
Orbs of the Any A os thar appear d 
to the oppoſition made 
by ſome of en 1 5 mean time, 
_— to no purpoſe. 

Tycho Was — y the moſt Sagacions 
Re He having the advantage of Tyche's 
labours and obſerpations, found out the true 
Phyſical Syſtem of ehe World, and vaſtly im- 
prov'd the d Science of Aſtronomy. 
For he demonſtrated that all t e Planets per- 
form their revotadions in Epic Orbits, whoſe 
Plains paſs thro' the Center of the Sun, Obſt 
this Law, that the Area's of the Ell; * 
taken at the Center of the Sus (which 
be in the common Focus of theſe Elk oe, are cw 
pr zonal to the es Sing 
Elliptical Ares are deſcrib d. He . 4 21 
that rhe Diff ances of the Planets from the Sun are in 
the Seſquialteraſ ratio of the Periodical Times, or 
(which is all one) that t: * the Dif mces 
are as the es of the _ This gre Afr Aſtro- 
nomer had the opportunit 
Comets, one of ieh e — 4 * — Wan 
ons. And from the obſervutions of theſe (which 
afforded fefficierit indications of an Annual Pa- 
rallax) he concluded, That rbe Comets mov d freely 
thro" the Planetary Orbs, with 4 Morion not much 


ferent from A Reiher one; bit of hat kind be 
cou d not preciſely detthmitte. Next, Hevilius (a 


noble emulator of Hebo Brabe) following in 
Kepler's ſte | ethbraced the ſame Hypotheſts of 
hy Rectilinear Motion of the Comets, him- 


ſelf accurately obſerving many of them. Yet 


he complain'd that his calculations did not per- 

fealy agree to what he obſerved in the Hea- 

vens: And was aware, that the Path of 4 Comet 
2061 
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2was bent into 4 Curve Line cancawe towards the Sun. 
At length, came that prodigious Comet of the 
Year x680. which deſcending (8s it were from 
an anfinite Diſtance) perpendicularly towards 
— aroſe from him again with as great a 

| OY... 3 3 ©: 738 $008 

This Comet, (which was ſeen for four months 
continually) by the very remarhable and pecu- 
Rar Curvity of its Orb (above all gehers) gave 
the ſitteſt qctaſion for inveſtigating the Theory 
of its Motion. And the Royal Obſervatories 
at Pari and Greenwich having been for ſometime 
founded, and cammitted to the care of moſt 
excellent. Aftronomers, the apparent. Motion of 
this Comet was moſt accurately perhaps as far 
as humane skill cou'd go) obſerv'd by Mrs. 
Caſſini and Hamſt ee. | 
Not long after, that great Geometrician the 
Illuftrioys Newton, writing his Mathematical 
Principles of Natural Philoſophy, demonſtrated not 
only that what Kepler had found, did neceſſarily 
obtain in the Planetary Syſtem ; but alſo, that 
all the Phznomena of Comets wou'd naturally 
follow from the ſame Principles; which he a- 
bundantly illuftrated by the example of the a- 
foreſaid Comet of the Year 1680. ſhewing at 
the ſame time, a method of delineating the 
Orbits of Comets Geometrically ; therein ſol- 
ving (not without meriting the higheſt admi- 
ration of all Men) a Problem, whoſe intricacy 
render'd it ſcarce acceſſible to any but himſelf. 
This Comet he prov'd to move round the Sun 
in a Parabolical Orb, and to deſcribe Area's 
(taken at the Center of the Sun) proportional 
to the Times. | 


Ddddz Where · 


ws . — 
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with all the — I cou d Sith. 
coll all the obſervations of — e 
I have fram d this following Table, the reſult of 
a prodigious deal of Calculation': 'which, tho' 
but ſmall in bulk, will be no unacceptable pre- 
ſent co Aftronomers. For theſe Numbers are 
capable of repre all that has been = 
obſerv'd about the Motion of Comets, = 
help only of the annext General Table; in 

* of which I ſpar'd no labour, 1 
come forth perfect, as a Thing « conſecrated to 
2 anc Erro R as n 
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A General Table for the Motions - 
of Comets in a Parabolical Orbit. 
mot. | pro dift. 
'o |gr. 4 #4 , '2 Sole. 
1131.40 (0.9900 0.093300 
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The Conſtruction and Uſe of the general Table. 


As the Planets move in Elliptic Orbs, ſo 1 
do the Comets in Parabolic ones, having 

che Sun in their common Focus, and deſcribe | 

equal. Areas in equal Times. Now ſince all i 

Parabola's are ſimilar to one another, there» 

fore if any deterrhinate part of the Area of a gi- 


ven Parabola, be divided into any number of 1 
parts at liberty, there will be a like diviſion 1 
made in all Parabola's under the ſame angles, Þ 


and the diſtances will be proportional: Conſe- 
quently this one Table of ours will ſerve for all 
Comets. Now the manner. of the calculation 
pf this Table is thus: In the Fig. © 


” co i hb F* 


8 


- 
"SS. CT 


— S  — | | . % 


e I 
Let S be the Sun, POC the orbit of a Comet, 


P the Perihelion, O the Place where the Comet 
is 90 gr. diſtant from the Perihelion, C any o- 
ther Place. Draw the Right lines CP, CS, and 
make S, SR, equal to C'S; and having drawn 
the Right lines CR, CT (whereof the one is a 
Tangent, and the other a perpendicular to the 
| 82 let fall C Perpendicular to the Axis 
S IE I UE 
Now, any Area, as COPS, being given, tis 
requird to find the Angle CSP, and the Di- 


Range CS, From the nature of the Parabola 
6: 44.5 7 F 2 IE R 2 
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R.9 is ever z the Parameter or Latus refun 
of the Axis, — 5 
be 1 * then R. Ar x. Let Cr; then 
P. 2 ſhall = I $Yz — the Parabolic ſegmen 
COPD, But the Triangle CSP F will 
1 and fo the Mixtilineal Area COPS 
EN Tire, whence x KY AI 4. Where- 
firing this 'Cubical Equation, æ or the 
Ordinate 'c © willbe known; Now, let the 
Area OPS be propos d to he divided = 
hundred parts; this Area is + ofthe Square of 
r equently 12 œ is that 
72 2 Roots Cn 
nations Ty + 3 , og: o, o 5 rp 16, r. 
be ſucceflively extracted, there — ha oben 
ſo many z or Ordinates C and 
the Area SOP will be divi 1222 
dred equal parts. And in like manner is the 
Calculus to be continued beyond the Place O. 
Now the Root of this Equation ſince RA is 
=1) is the Tabular Tangent of the Angle 
CRY, or the Angle CSP, wherefore the 
An rk 2 And RC, che Secant 


is a 

tional — RO oe Hs and K: R 
is the double a N ain from —— 
But if 8 P be put 1, and fo the Laus rectum 
=4 (i our Table) then RT will be che 
> fought „ viz. the double of Sc in the 

— Pants. After this manner therefore, 
. compos'd the foregoing Table, which ſerves 
o repreſent the motiens of all our Comets; of 
which hitherto there has been none obſerved, | 
but come within the Laws of the Parabola. 
It remains now, to give the Rules for the 
calculation, and to ſhew the way of determi- 
bing the Place of A Comet ſeen, by theſe Num- 


bers 
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bers. The Velocity a Comet moving in a Para- 
dola, is every where to the Veloeity of a Planet de- 
ſcribing « Circle about the Sun, at the ſame Diſtance 
from the Sun, as yf 2 to 1. as appears from Cor. 7. 
Prop. 16. Lib. 1. of the Princip. Phil. Nat. Math. 
If therefore a Comet in its Perihelium were 
ſuppos d to be as far diſtant from the Sun as the 
Earth is, then the Diurnal Area which the Co- 
met wou'd deſcribe, wou d be tothe Diurnal Area 
of the Earth, asy/2 to 1. And conſequently, the 
Time of the Annual revolution, is to the Time 
in which ſuch a Comet wou d deſcribe the 
Quadrant of its Orbit from the Perihelium, as 
3.141 59, Cc. (that is the Area of the Circle) 
to . Therefore the Comet — defcribe 
that Quadrant in 109 Days, 14 Hours, 46 Mi- 
nutes; and fo the Parabolic Area ( 


to the Area POS) being divided into x00 


parts, to each Day there wou'd be allotted 
0.912280 of thoſe parts, the Log. of which, vix. 


- 9.960128; is to be kept for continual uſe. But 
then the Times in which Comets, at a greater or 
tefs Diſtance, wou d deſcribe ſimilar Quadranes, 


are as the Times of the revolutions in Circles, 


chat is, in the Seſquiplicate ratio of the Diſtan- 
— — — Parra — 
Cen parts of the which parts 
we put for meaſures of the mean Motion, like 
degrees) are in each, in the Subſeſquialtera pro- 
portion of the Diſtance from the Sun in the Pe- 
rihelion. | | 

Theſe things being neceſſarily premis'd, let 
it be propos d to compute the apparent Place of 
any one of the foremention d Comets for any 
given Time. Therefore, 

I. Let the San Place be had, and the Log. of its 
Diſtance from the Egrtö. 


2. Let 
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2. Let the difference between the Time of the P 
ribelion and the Time given be gotten, in Days and 
Decimal parts of Days. To the Log. of this Number, 
let there be added the conſt ant Log. 9.9601 28, and the 
Complement Arithmttical of three halves of the Log. 
of the Perihelion Diſt ance of the Comet from the Sun : 
The Sum will be the Lop. of the mean Motion, to be 
ſought in the firſt Column of the general Table. | 

3. With the Mean Motion let there be taken the 
correſpondent Angle from the Peribelion in the Table, 
and the Log. for the Diſt ance from the Sun : Then in 
Comets that are Dire, add, and in Retrograde 
ones ſubtrat#; if the Time be after the Perihelion, the 
Angle thus found, to or from the Peribelian: or in 
Direct Comets, ſubſtract; and in Retrograde ones 
add; if the Time be before the Peribelion, the foreſaid 
Angle to or from the Place of the Peribelion ; and ſa 
we ſhall have the Place of the Comet. in its Orbit. 
And to the Log. for the Diſtance found, let there be 
added the Log. of the Diſtance in the Peribelion, and 
the ſum will be the Log. of the true Diſtance of the 
Comes from the Sun. 
4. The Place of the Node, together with the Place 
of the Comet in its Orbit, being given, let the Di- 
ance of the Comet from the Node be found ; then the 
— of the roms being * = will * 
given alſo the common s of Trigonometry 
= UT reduced to the E clipric, the Incli- 
nation or Heliocentric Latitude, and the Log. of the 
Curtate Diſtance. " 

5. From theſe things given (by the very ſame 
Rules that we find the Planet's Places, from the Sun's 
Place and Diſtance given) we may obtain the Appa- 
rent or Geocentric Place of the Comet, together with 


the Apparent Latitude, And this it may be worth 
while to illuſtrate by an Example or two. 


EXAUMPLE I. 


„„ _ — 
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ExaMPLE I. 


Let it be requir d to find the Place of the Comet of the 
Year 166+, March 14, 7®, oo, P. MA. Lo 
don. That is, 969, 19Þ, 87, after the Peribelion, 
which happen'd Novemb. 24, 11h, 52 


Log. Ditt. Perihel. o. 011044 
Log. Seſquialt. o. 0I6566 
Comp. Arith. 9. 983434 | 
. 9. 960128 'v 
Log. Temp. 1. 985862 43 
Log. Med. Mot. 1. 929424 
Medius Motus 85.001 


Perihel. SN 1 10. 41. 25 7 
Ang. Correſp. V3. 38. 05— . 

Comet in Orb. 5 17. 3. 20 8 
Aſcend. Nod. I 21. 14. 00 4 
Com. 3 Nodo 44. 10. 40 1 

Red. ad Eclip. 32- 19. OF 'Y 
Com. Helioc. 5 18. 54. 55 1 


Incl. Bor. TI. 46. 50 | 4 
Log. pro diſt o. 255369 
| . OIIO44 
2: 299754 
0. 257167 


9. 997918 
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| ExXAMPTLE IL 
Let it be requir'd to find the Plate of the Comet of 
the Year 1683, Jaly 23 Tzu, 75 P. A. Lon- 
don: Or, 1 zb, 40 Equat. Time. That is, 21%; 
10h, 50 after the Peribelim 
Log, Diſt. Perihel. 9. 748343 
Log. Seſquialt. 9. 622514 
Comp. Arith, ©. 377486 
9. 960128 
Log. Temp. . 22223 
Log. Med: Mot. T. 648337 
Medius Motus 44. 498 


Perthet. It 25. 29. 30 
Ang. Correſp. F6. 2.2. 
Comet. in Orb. V 28. 42. 10 
Nod. Deſcend. & 23. 23. 00_ 
Com. 3 Nodo 235. 19. 10 
Red. ad Eclip. 448.3 
Com. Helioc. X 28. LL. 30 


Incl. Bor. 21. 2. 00 
Log. pro diſt - ©. 177336 
Log. Perihel 9. 748343 

Co-fin. Incl. 9. 913187 


Log. diſt. Curt. 9. 75 866 
Lo diſt. O. O. ore 


© . IO, 4T. 25 
Com. Viſus S 4 IL. 0 
Lat. Bur. 28. f. 00 
At the inſtant of Time ſpecified in the firſt 


Example, twas obſerv'd (at London) that the 
Comet applied to the ſecond Star of Aries ; fo 
that it was found to be 9, more Northerly, 

and 


— — — 


— 5 


: / | 
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and 3“ ta the Eaſt, according to Dr. Hals ob- 
ſer vation. But at that of the ſecond Example, 
Imy ſelf (near London, with the ſame Inſtru- 

ments whereby I formerly obſerv'd the Southern 
Conſtellations) found the Place of the Comet 
to be S, 5% 11'5, and 28, 52' North Latitude, 
which agreed exactly with the obſervation 
made at Greenwich, almoſt at the very ſame Mo- 
ment. 1 7520 
As for the Comet of the Year 1680, which 
came almoſt to the very Sun itſelf (being in its 
Perihelion, not above one third of the Semidia- 
meter of the Sun diſtant from the ſurface of it,) 
ſince the Lata Rectum of its Orbis ſo very ſmall, 
it could hardly be contained within the limits 
of the general Table, becauſe of the exceſſive 
Velocity of the Mean Motion. Wherefore in 
this Comet, the beſt way will be (after the 
Mean Motion is found) to get from thence (by 
the help of the foregoing Equation z 3 + 32= 2. 
of the Mean Motion) the Tangent of half the 
angle from the Perihelion, together with the 
Log. for the Diſtance from the Sun. Which be- 
ing found, we are to proceed by the ſame Rules, 
as in the reit. | 1 8 
Aſter this manner therefore, the Aſtronomi- 
cal reader may examine theſe Numbers, which 
I have calculated with all imaginable care, from 
the obſervations I could meet with. And I 
have not thought fit to make them publick before 
they have been by my ſelf duly examin d, and 
made as accurate as 'twas poſſible, not withous 
the labour. of many Years. I have publiſh'd 
this imen of Cometical Aſtronomy, as a 
Prodromut of a future Work I have in deſign, 


leſt, happening to be prevented by Death, 


Eeee thele 
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theſe Papers might chance to be loſt, which e- 
very Man would not be capable to retrie ve, by 


reaſon of the great difficulty of the Calcula- 
tion. RL 


Now it may not be amiſs to put the Reader 
in mind, that our five firſt Comets, (the third 
and fourth obſerv'd by Peter Apian, the fifth by 
Paulus Fabricius) 2s alſothe tenth, ſeen. by Meſt- 
lin, if I miſtake not, in the Year 1596, are not 
ſo certain as the reſt; for the odbfervations 
were made neither with ſufficient Inſtru- 
ments, nor due care, and upon that account are 
diſagreeing with themſelves, and can by no 
means be reconcil'd with a regular Computus. 
The Comet which appear'd in the Year 1684. 
was only taken notice of by Blanchinus, who 
obſerved it at Rome: And the laſt, which ap- 
pear'd in the Year 1698. was ſeen only by the 
Pariſian obſervers, who determin'd its Courſe 
after a very uncommon manner. This Comet 
was A very obſcure one, and altho' it moy'd 
ſwift and came near enough to our Earth ; yer 
we, who are wont not to be incurious in theſe 
matters, ſaw nothing of it. For want of ob- 
ſervations I have alſo left out of the foregoing 
Catalogue, thoſe two remarkable Comets which 
have appear'd in this our Age, one in Novem- 
ber in the Lear 1689, the other in February in 
the Year 1702. For they directing their cour- 
ſes towards the Southern parts of the World, 
and being ſcatce conſpieuous any where in 
Europe, met with no Obſervers proper for the 
purpoſe. Bur if any one ſhall bring from India, 
or che Southern parts, an accurate ſeries of ob- 
ſervations, I will willingly fall to work again, 
and undergo the [fatigue of repreſenting their 
- Orvbits in Numbers, as I have done che reſt. 

K | | By 
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Buy comparing together the Elements of the 
Modlons f che Comets, tis a t, their Or 


bits are diſpos d in no manner of order; nor 
can they; as the Planets are, be comprehended 
within a Zodiac, moving indifferently everyway, 
as well retrograde as direct; from whence it is 
clear; they are not carry'd about or mov d in a 
Vortical Syſtem. Moreover, the Diſtances in 
their Perihelia are ſometimes greater, ſomerimes 
leſs ; which makes me ſuſpect, there may be a 
far greater number of them, which may move 
in Regions more remote from the Sun, and 
being therefore very obſcure; and wanting 
Tails, may paſs by us unſeen.” ' 2 2 
Hitherto I have conſiderd the Orbits of Co- 
mets as exactly Parabolic; upon which ſuppo- 
ſition it wou'd follow, that Comets being im- 
pell'd towards the Sun by a Centripetal Force, 
would deſcend as from ſpaces infinitely diſtant, 
and by their ſo falling acquire ſuch a Velocity, 
as that they may again fly off into the remoteſt 
parts of the Univerſe, moving upwards with a 
perpetual tendency, ſo as never to return again 
to the Sun. But ſince they appear frequently 
enough, and ſince none of them can be found 
to move with an Hyperbolic Motion, or a Mo- 
tion ſwifter than what a Comet might acquire 
by its Gravity to the Sun, tis highly probable 
they rather move in very Excentric Elliptic Or- 
bits, and make their returns after long periods 
of Time: For ſo theit number will be determi- 
nate, and, perhaps, not ſo very great. Beſides, 
the ſpace between the Sun and the Fix d Stars is 
ſoimmenſe, chat there is room 3 for a Co- 
met to tevolve, tho the Period of its revolu- 
tion be vaſtly long. Now, the Latus Rectum of 
an Ellipſis, is to the Latus Rectum of a Parabola, 

55 E eee 2 which 


which has the ſame Diſtance in its Nerihelium; 


as the Diſtance mow Aphelium in the Elli 
is to the whole Aris of the Ellipſis. And the Ve- 
loeities are in a Subduplieate ratie of the ſame: 
Wherefore in very 'Exdentric Orbits the ratio 
comes very near tu a ratid of Equality; and the ve- 

ſmall difference which happens on account of 

e greater Velocity in the Parabola, is eaſily 
compenſated in determining the ſituation of the 
Orbit. The principal uſe therefore of this Table 
of the Elements of their Motions, and that which 
indeed induced me to-conftrud it, is, that when- 
ever 2 new Comet ſhall appear, we-may be a- 
ble to know, by comparing together the Ele- 
= TRE 
appear re, and conſequenti/ to deter- 
mine its Period, and the Axis of its Orbit, 
and to foretel its Return. And, indeed there 
are many things which make me believe that 
the Comet which Aden obleryd in the Year 
1531, was the ſame _—_ 7 5 _ 
Longomontanus more accurately deſrrib d in the 
Year 1607; and which I my ſelf have ſeen re- 
turn, and obſervd in the Year-x682, All the 
— | agree; and 9 _ to eon- 
tradict this my opinion, Ine quality 
of the Periodic revolutions. Which Inequality 
is not ſo great neither, as that it may not be 
_ owing to Phyſical Cauſes, For the Motion of 
Saturn is ſo diſturbed; by the reſt of the Planets 
eſpecially Jupiter, that the Periodic time of 
that Planet is nncertain for ſome whole days to- 
gether. How much: more therefare will a Co- 
met be ſubject to ſuch like errors, which: riſes 
almoſt four times higher than Saturn, and whoſe 


8 tho encreaſed but a ale, would 


* 
1 


ſufficient to change its Orbit, ixo * 
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tical to a Parabolical one. And I am the more 
confirmed in my opinion of its being the ſame; 
for that in the Year 1456, in the Summer time, 
a Comet was ſeen paſſing Retrograde between 
the Earth and: the Sun, much after the ſame 
manner: Which tho nobody made obſervations 
upon it, yet from its Period and the manner of 
its Tranſit, I cannot think different from thoſe 
I have juſt now mention d. And fince lookin 
over the Hiſtories of Comets I find, at ah — 
interval of Time, a Comet to have been ſeen a- 
bout Eafter in the Year 1305, which is another 
double Period of 151 Years before the former. 
Hence Ithink I may venture to foretel, that it will 
return again in the Year 1758. And, it it ſhould 
then ſo return, we ſhall have no reaſon to doubt 
but the reſt may return alſo: Therefore Aſtrono- 
mers have a large ſield wherein to exerciſe them- 
ſelves for many ages, before they will be able 
to know the number of theſe many and great 
Bodies revolving about the common Center of 
the Sun, and to reduce their Motions to certain 
Rules. I thought indeed that the Comer which 
| 'd in the Year 1532, might be che ſame 
with that obſerv'd by Hevelins in the Year 1661. 
But Apian's obſervations, which are the only 
ones we have concerning. the firſt of theſe Co- 
mers, are roo rude and inaccurate for = thing 
of cettaiuty to be drawn from them, in 1d nice a 
matter. But as far as probability from the equali- 
ty of Periods, and ſimilat appearance of Comets, 
may be urged as an argument, the late wondrous 
Comet of 1682. ſeems to have been the ſame, 
which was ſeen in the time of our King Henry J. 
amo 1106, which began to appear in the Weſt 
about the middle of February, and continued 

or many days after, with ſuch a Tail as was 
Eececeq. ken 
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ſeen in that of 1685. And again in the Con- 


ſulate of Lampadiut and Qreſtes, about the Year 
of Chriſt 531, ſuch another Comet a 
in the weſt, of which Aalela, perhaps an Eye- 
witneſs, relates that it was uv xz pobreds, 4 great 
and fearful Star; that it appeared in the Weſt, and 
emitted upwards: from it a long white, Beam; 
and was feen for a0 days. It were to be wiſh'd 
the Hiſtorian had told us what time of the Lear 
It was ſeen; but tis however plain, that the 
interval between this and that of 1 106, is near- 
ly equal to that between 1106 and 1682, wiz. 
about 575 Years... And if we reckon backward 
ſuch another Period, we ſhalll come to the 
44h Year before Chriſt, in which Fulius Ceſar 
was murder'd; and in which there-appear'd a 
very remarkable Comet, mentioned by almoſt 
all the Hiſtorians of thoſe times, and by Pliny in 
his Natural Hiſtory, lib. 11. c. 24. who recites 
the words of Augaſtus Ceſar on this occaſion, 
which lead usto the very time of its appearance, 
and its ſituation in the Heavens. Theſe words 
being very much to our purpoſe, it may not be 
— Sto recite them. I ipſis meorum 
diebus, ſydus crinitum per ſeptem dies, in regione Cæli 
gue [; ub Septentrionibus, eft conſpet um. Id oriebatur 
circa undecimam horam diei, clarumq; & omnibus 
terris conſpicuum fuit. Now theſe Ludi were de- 


dicated Veneri genctrici, (for from Venus the C- 


far; would be thought to be deſcended, ) and be- 


gan with the Birth-day of Auguſtus, viz. Sept. 
23. (as may be collected — gment of an 
old Roman Calendar extant in Gruter, pag. 135.) 
and continued for 7 days, during which the Co- 
met appeared. Nor are we to ſuppoſe that it was 
ſeen only thoſe 7 days, but poſſibly both before 
aud after. Nor are we to interpret the words 


ſub 
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ſub Septentrionibut, as if the Comet had appear d 
in the North, but that it was ſeen under the Sy- 
tem triones or brighter Stars of Urſa major. And 
as to its riſing Hora undecima diei, it can no ways 
be-underſtood, unleſs the word diei be left out, 
as it is by Suetonius; for it muſt have been very 


Afternoon, or at eleven at Night; in which ca- 
ſes ic muſt have appeared for a long time, and 
its Tail have been fo little remarkable, that 
it could by no means be call'd, clarum & om- 
nibus Terris conſpicuum Sydus. But ſuppoſing this 
Comet to have traced the fame Path with that 
of the Year 1680, the aſcending part of the Orb 
will exactly repreſent, all that Auguſtus hath ſaid 
concerning it; and is yet an additional argu- 
ment to that drawn from the equality of the 
Period. Thus tis not improbable but this Co- 
met may have four times viſited us at intervals 
of about 575 years: Whence the Tranſverfe 
diameter. of its Elliptic Orb will be found 
+ *575%575 times greater than the annual Orb; 
or 138 times greater than the mean diſtance of 
the Sun; which diſtance tho' immenſely 
— bears no proportion to that of the Fix'd 


I I have lately found Gut a ready method to 

ute the motion of Comets in theſe Ellip- 
tic Orbs, of which perhaps ſhortly we may ex- 
| hibic a Specimen, giving this Comet for an Ex- 
ample.: In the mean time, thoſe that deſire to 
know how to conſtruct Geomerrically the Orbof 
a Comet, by three accurate obſervations given, 
may find it at the end of the third Book of Sir 
Iſaac Newton's Principles of Natural Philoſophy, 
entituled De Syſtemate Mandi, in the words of 
its renowned Inventor. Which have ſince been 


Eee 4 more 


far from the Sun, either to riſe at five in the 
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more fully explained by my very worthy Col- 
legue Dr. Gre "7 in .his learned Work of 
Aſtronomia Phyſica & Grometriaa. 

One thing more perhaps it may not be im- 
propes or unpleaſant to advertiſe the Rſtrono- 
mical Reader ; That ſome of theſe Comets have 
their Nodes fo very near the Annual Orb of the 
Earth, that if it ſhall fo happen, that the Earth 
be found in the parts of her Orb next the Node 
of ſuch a Comet, whilſt the Comet paſſes by; 
as the apparent Motion of the Comet will be 
incredibly ſwift, fo its Parallax will become 
very ſenſible ; and the proportion: thereof to 
that of the Sun will be given. Wherefote ſuch 
Tranſits of Comets do afford us the very beſt 
means, tho they feldom happen, to determine 
the Diſtance of the Sun and Earth: Which hi- 
therto has only been attempted by Mars in his 
Oppoſitidn to the Sun; or elſe: Venus in Peri- 
go, whoſe Parallaxes tho triple to that of the 
Sun, are ſcarce any ways to be perceived by 
our Inſtruments; whence we are ftilt in great 
uncertainty in that affair. This uſe of Comets 
was the ingenious Thought of thar excllent Ge- 
ometrician Mr. Nizol/as Fatio, Now the Comer 
of 1472, had a Parallax above twenty times 
greater than the Sun s. And if the Comet of x618, 
had come down, about the middle of 
to his ing Node ; or if chat of 1684, 
had arrived a little ſooner at its aſcending Node, 
they would have been yet much nearer the 
Earth, and conſequentiy have had more notable 
Parallaxes. But hitherto none has threaten d the 
Earth with a nearer appulſe, than that of 1680. 
For by Calculation I find, that Nowenb. 11, 1h, 
6', P. A. that Comet was not above the Semi- 
diameter of the Sun to the Northwards of the 


Way 
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Way of the Earth. At which dice, had che 
Earth been there, che Comet would have had. 
a Parallax equal to that of the Moon, as I 
nds 75 This is ſpoken to Aſtronomers: But 
what might be the Cohſequences of ſo near an 
an er e; or of a contact, or, laſtly, of a. 


ſhock, of the 'Tlleſtial Bodies, e ; by ng 
impofliblg.to come to paſs, re to by 
Ge by 4 the Scudios of a3! ow 
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